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The two arms of the V-shaped X-chromosome of Drosophila pseudo- 
obscura are equal in length in the spermatogonial metaphase plates (Metz,' 
Dobzhansky and Boche’). But in the salivary gland nuclei, one of them 
is about two-thirds of the length of the other (Tan,* Dobzhansky and Tan‘). 
This difference is presumably due to the relative amount of heterochro- 
matic material contained in the two arms (Bauer®). Genetically, ac- 
cording to the recently revised map of the X-chromosome (Sturtevant and 
Tan), it has at least 180 crossover units. The correspondence of the ge- 
netically left and right limbs to the short and long arms of the salivary gland 
X-chromosome has been previously established (Tan*). But to date, the 
knowledge as to where the spindle fibre lies in the X-chromosome is lack- 
ing. Such information is desirable, especially for the investigation of the 
homology of chromosomes between pseudodbscura and the related species 
of Drosophila such as mzlanogaster. This paper reports the cytological 
and genetic data of a deficiency for the gene compressed with a view to 
locating the spindle attachment in the X-chromosome of Drosophila pseudo- 
obscura. 

A strain of flies apparently containing a deficiency for the sex-linked 
gene compressed has been obtained among several chromosomal aberra- 
tions recently induced in D. pseudodbscura by the use of x-rays. 9 9 
homozygous for the sex-linked genes yellow (y), singed (sz), vermilion (v), 
compressed (co) and short (s) were mated to wild-type oo which had been 
treated with x-rays. Mostofthe 9 9 inthe resulting offspring were, as was 
to be expected, wild-type; but one 9? manifested the effects of the gene 
compressed in an exaggerated form, and in addition had divergent wings. 
This 2 was backcrossed to y sn v cos oo’, and in the progeny were a num- 
ber of daughters resembling their mother. The viability of this type of 
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2 Qis good; no oo like them have ever appeared, however, indicating 
that the new type is lethal in the o&. The exaggeration of the effects of 
compressed suggests that a deficiency involving the locus of that gene has 
arisen. The type has accordingly been named ‘‘compressed deficiency.”’ 

Table 1 gives the results of crosses between compressed deficiency 2 ? 
heterozygous for the genes y v co and yvco oo. It is clear that the ex- 


TABLE 1 
co-def. 
——— 9 xX yv00 o's" 
yv co 
CROSSOVERS REGION 2 
NON-CROSSOVERS REGION 1 v-y-co DEF. 
CULTURE NO. CO-DEF. ¥-0-CO ¥-CO-DEF. v-co co TOTAL 
9 9 ros °) 9 oO 9 9 of 
1218 728 32 32 5 ‘f 5 1 4 2 166 
1219 64 39 19 14 4 3 3 4 3 153 
142 71 51 19 11 8 4 8 5 319 


treme compressed individuals do not exist in oo. The calculated cross- 
over values from the data are 11.9% in the region between y and v, and 5.3% 
between vandco. The control crossover value between y and v (from table 2) 


TABLE 2 
yv : 
orn 92 X yuo (Only ¢ offspring classed) 
NON-CROSSOVERS CROSSOVERS 
CULTURE NO. ie gs y-u v 7 TOTAL 
1068 96 61 15 14 186 
1069 109 40 6 11 166 
1070 95 71 8 11 185 
1071 92 _64 9 6 171 
392 236 38 42 708 


is 11.3%. This shows that the crossing-over in this region between y and v 
is not at all affected by the presence of the compressed deficiency. In the 
region between v and co, the situation is quite different. Table 3 gives the 





TABLE 3 
co , 
92 X vco oh (Only of offspring were classed) 
mg 
DOUBLE 
SINGLE CROSSOVERS CROSSOVERS 
NON-CROSSOVERS REG. 1 REG. 2 REGION 1,2 
CULTURE NO. mg v-co co u-mg mg-co 0 +++ 0-mg-co TOTAL 
1072 43 52 19 11 4 3 2 ms 134 
1073 49 19 11 5 rar rs - 88 
1074 78 43 i 6 3 5 3 2 171 
1075 30 14 * - Sore o. BS ey 60 
200 128 57 = 40 9 10 7 2 453 
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data of the cross between v co/mg 2 9 andvco oc’. It gives the cross- 
over values between v and mg of 23.4% and between mg and co of 6.2%. 
Adding the above two values together, v and co should be 29.6 units apart. 
Even not counting the double crossovers, there are still 25.6 units. On 
comparing this with the value obtained in the presence of compressed de- 
ficiency, which is only 5.3%, it is clear that there is a considerable reduc- 
tion of crossing-over in the latter. 

Between the genes vermilion and magenta there lie the mutant genes 
miniature (m), dusky (dy), forked (f) and bobbed (bd). They are located 
very close to each other. As a matter of fact, their exact sequence has 
not been clear until recently it was found by Prof. Sturtevant that bobbed 
lies in the rightmost position in the series of these four genes. The data 
shown in table 4 give the crossover values between y and bb of 8.3% and 


TABLE 4 
m 
a Q99X mg oo’ ~(Only of offspring were classed) 
y DOUBLE 
SINGLE CROSSOVERS CROSSOVERS 
NON-CROSSOVERS REG. REG. 2 REGIONS 1,2 
CULTURE NO. mg y-bb bb ymg +++ y-bb-mg bb-mg o TOTAL 
1154 64 42 oe 6 3 a2 126 
1155 100 88 6 5 1 dans b- a. 6 236 
164 = 130 o...9 23 «15 4 8 362 


between bb and mg of 13.8%. When compressed deficiency 9 2 hetero- 
zy gous for y bb were mated to y bb oo" (table 5), there was 12.9% of crossing- 
over between y and bb, showing that there is even an increase in the 
frequency of crossing-over in this region over the controls. Among three 


TABLE 5 
-def. 
se 9@29Xxvbb oe (Only ¢ offspring classed) 
. SINGLE CROSSOVERS 
NON-CROSSOVERS REG. 1 REG. 

CULTURE NO. y=bb bb ++ TOTAL 
1152 65 9 $3 74 
1156 64 10 et 74 
1157 57 9 2 68 

186 28 2 216 


cultures, only one gave two flies representing the recombination of bb and 
co. The crossover value thus obtained is 0.93%, which when compared 
to the region between bb and mg, 13.8%, shows an almost complete sup- 
pression of crossing-over in this region in the presence of the compressed 
deficiency. 

Cytologically, the salivary gland chromosome configurations of deficiency 
2 9 heterozygous for the gene v were studied. Since homozygous v larvae 
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EXPLANATION OF FIGURES 


Figures 1 and 2—Salivary gland chromosome configurations in the right limb of 
the X-chromosome of Drosophila pseudodbscura from larvae heterozygous for com- 
pressed deficiency. 

Figure 3—Diagrammatic representation of the sequence of genes. Above is the 
sequence of the normal chromosome and below the sequence of the compressed de- 
ficiency. The dotted region represents the heterochromatic area, and the solid black, 
the euchromatic region. 
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can be distinguished from the heterozygotes by the color of the Malpighian 
tubules, there was no difficulty in selecting desired 9 larvae for dissection, 
especially since crossing-over between v and co has been considerably re- 
duced in the presence of the deficiency. 

Figures 1 and 2 are camera lucida drawings of the salivary gland chro- 
mosomes of heterozygous compressed deficiency individuals. The number- 
ing of the sections is the same as adopted by Dobzhansky and Tan.‘ 
The right limb of the X-chromosome runs from sections 18 to 42. Only 
the proximal part of it is shown in each of the figures. In both of them 
there is formed a typical inversion loop involving a part of the hetero- 
chromatic area. One end of the inversion lies in the sections 22-23 and 
the other end in the heterochromatic region, which is embedded in the 
chromocenter. The inversion figure is especially clear in figure 1, in which 
the inverted regions of the two strands are almost completely paired. In 
figure 2, the two strands in sections 18 to 19 and the heterochromatic area 
are unpaired. The inverted strand is apparently attached to the chromo- 
center in three places. Figure 2 is especially clear in showing that several 
bands are missing in the inverted strand. Apparently there are five bands 
in the normal strand which can be homologized to only two bands in the 
inverted strand. Assuming that the five bands in the normal strand are 
A, B, C, D and E, the break of the inversion in the euchromatic area is 
just below band A. Judged from the intensity and characteristic band 
pattern, the two bands in the inverted strand are the homologs of A and E. 
The three missing bands are therefore B, Cand D; B being very light and 
C and D relatively heavy. 

For the sake of clearness in comparison, the sequences of the normal 
strand and the inverted strand are diagrammatically represented in fig- 
ure 3. The dotted region indicates the heterochromatic area and the solid 
black the euchromatic region. That the deficient region does not lie next 
to the break of the inversion but a band away from it is very interesting, 
since it follows that four breakages occurred in this chromosome. 
How this aberration originated is not clear. It is possible that the de- 
ficiency arose as a position effect of the inversion. 

Correlation of the genetic with the cytological data from the study of 
this deficiency justifies the conclusion that the gene compressed is located 
in the region between bands A and E£ in sections 22-23. Itis possible but 
improbable that the recessive compressed effect may be the result of a 
position effect of these breakages. Such cases have been reported in the 
locus cubitus interruptus of D. melanogaster.’ Even if this were true here, 
the locus compressed could not be located much farther away from the 
region which shows the deficiency of bands. 

The association of an inversion with compressed deficiency as demon- 
strated by the cytological picture is especially significant for the interpre- 
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tation of the genetic data given above. On the assumption that the pres- 
ence of an inversion in one limb of a chromosome does not reduce the 
crossing-over in the other limb, it follows that the region involving y, v and 
bb is located in the left limb of the X-chromosome. Consequently, the 
spindle fibre is certain to lie between the genes bb and co. _ As to the 
locus of magenta (mg), direct genetic evidence is not yet available. But 
the facts that the distance between co and the chromocenter in the right 
limb of the salivary gland X-chromosome is about one-fifth of the total 
length and that the crossover units between mg and co are only 6.2, sug- 
gest strongly that mg is located in the right limb of the X-chromosome. 
Since the distance between v and mg is rather large (23.4 units), and cross- 
ing-over between v and co (5.3) in the presence of the inversion is appre- 
ciably reduced, the argument for placing the spindle fibre between genes 
bobbed and magenta is quite convincing. 


1 Metz, C. W., Amer. Nat., 50, 587-599 (1916). 

2 Dobzhansky, Th., and R. D. Boche, Biol. Zentrabl., 53, 314-330 (1933). 
3 Tan, C. C., Genetics, 21, 796-807 (1936). 

 Dobzhansky, Th., and C. C. Tan, Z. J. A. V., 72, 88-114 (1936). 

5 Bauer, H., Proc. Nat. Acad. Sci., 22, 217-222 (1936). 

6 Sturtevant, A. H., and C. C. Tan, Jour. Genetics, in press (1937). 

7 Dubinin, N. P., and B. N. Sidorov, Biol. Zhurnal, 3, 307-331 (1934). 
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Communicated June 11, 1937 


Individuals of Drosophila melanogaster with three X-chromosomes and 
two sets of autosomes were called ‘“‘superfemales’ by Bridges. They 
occur among the progeny of triploid females mated to diploid males,' 
among the offspring of attached-X diploid females mated to diploid males,’ 
and under certain other conditions. Superfemales are low in viability as 
compared with normal diploid individuals and are always sterile. With 
the development of a simple method of transplantation for use in studies of 
Drosophila* and with the demonstration that offspring can be obtained 
from transplanted ovaries,** the authors were led to investigate the pos- 
sibility of obtaining progeny from superfemales by transplanting their 
ovaries to normal females. Aside from its bearing on the problem of the 
nature of sterility in the superfemale, such a study might, if it provided 
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a method of obtaining progeny from superfemales, furnish a useful means of 
studying chromosome pairing and crossing-over among three homologous 
chromosomes under conditions less complicated than those in the triploid 
where the manner of disjunction of the autosomes is known to be related 
to crossing-over in the X-chromosomes.® Actually, although offspring can 
be obtained from superfemales by transplantation, the results are such that 
the use of the method as a means of studying such problems as crossing- 
over is strictly limited. 

Methods.—Donor superfemale larvae were selected from the progeny of 
matings of attached-X y (yellow body color) w (white eye color) females 
by Jz (lozenge eye shape) males on the basis of sex and Malpighian tube 


color. From such a mating two types of female larvae are expected, y 
V dine “~~ 


w/y w (XX) which have white Malpighian tubes, and y w/y w/lz (XXX) 
which have yellow Malpighian tubes (Beadle’). Incidentally, examina- 
tions of the larvae produced by such crosses provide a direct demonstra- 
tion of the correctness of the conclusion arrived at indirectly by Dob- 
zhansky‘* that normal diploid female and superfemale zygotes are produced 
in approximately equal numbers in such a mating. As recipients of the 
ovary transplants fes (female-sterile, characterized by rudimentary ovaries) 
It (light eye color) female larvae were used (from mating; fes lt / Cy X fes 
lt—Cy designates the dominant character Curly wing, associated with 
inversions). Since the female-sterile character has been shown by Clancy 
and Beadle® to show autonomous development in transplantation experi- 
ments, the use of fes females as hosts is convenient for it is then known that 
any eggs produced originate in the implanted ovary. 

Development of Superfemale Ovary-Transplants.—In one series of trans- 
plants, determinations of the frequencies of attachment of the implanted 
ovaries to the oviducts of the host were made by dissection. The re- 
sults are summarized in table 1. There are two types of host females, 


TABLE 1 
FREQUENCIES OF ATTACHMENT OF SUPERFEMALE OVARY-IMPLANTS 
THREE 
IMPLANT PER CENT OVARIES 
HOST ATTACHED FREE ATTACHED ATTACHED 
Cy/fes lt 11 5 68.8 4 
fes It Ly 19 47.2 1 


Cy/fes lt in which the normal ovaries are fully developed, and fes / in 
which the normal ovaries are rudimentary. In the case of the Cy/fes It 
hosts the normal ovaries were larger than the implanted ones, while in the 
fes lt hosts the size relations were reversed. It is evident that superfemale 
ovaries can compete successfully with either normal or fes ovaries in be- 
coming attached to the oviducts. The number of individuals is so small 
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that little significance can be attached to the observed percentages of at- 
tachment; they are roughly of the same order as frequencies of attach- 
ment found by Ephrussi and Beadle* and by Clancy and Beadle? in other 
types of experiments. 

Females of the constitution fes /t, into which superfemale ovaries had 
been implanted, laid eggs on the second day after eclosion. In Cy/fes It 
female hosts of this age, the superfemale implants were found to contain 
only immature eggs (10 individuals examined). Dissections of Cy/fes It 
on the fourth and fifth day after eclosion, showed mature eggs in the 
superfemale implants (9 individuals). In all instances, however, the super- 
female ovaries were markedly smaller than the normal ovaries of the host. 
It is apparent that superfemale ovaries mature more rapidly in the absence 
of competing normal ovaries than in their presence. 

Progeny.—From eight egg-laying fes Jt females with superfemale ovary- 
implants, mated to Bar (B) males, 256 eggs were collected over a period of 
five days. Of these 256 eggs, only 13 (5.1 per cent) hatched, and all of the 
resulting larvae died within 24 hours. From a total of 21 similar females, 
similarly mated, all eggs were collected over a period of four weeks. From 
an estimated several thousand eggs, 30 gave rise to adults. These are 
listed in table 2. From the constitutions of the hosts and of the implanted 

TABLE 2 
PROGENY OF FEMALE-STERILE FEMALES WITH IMPLANTED SUPERFEMALE OVARIES 


(y w, XX/lz), MATED TO BAR MALES 


NUMBER OF NUMBER OF 
FEMALES INDIVIDUALS MALES INDIVIDUALS 
wild type 1 lz 13 
yw 8 Iz (haplo-4 (?) 1 
B/lg (tested for genotype) 4 B 2 
B 1 


ovaries, it is clear that the yellow-white females and the lozenge males con- 
stitute evidence that the superfemale ovaries gave rise to the eggs from 
which these offspring developed. As an additional check, two yellow-white 
females were tested; both gave offspring of types indicating that, as ex- 
pected, they carried attached-X chromosomes. Two lozenge males were 
tested and found to be fertile. Four of the five Bar females were found 
by progeny tests to be B//z in constitution. 

At the end of the period of egg collection, five fes lt females were dis- 
sected; each was found to have one well-developed ovary (superfemale) at- 
tached to an oviduct and two rudimentary ovaries (fes), one attached and 
one free. 

Crossing-Over.—Twenty-six apparent non-crossovers and only one cross- 
over are listed in table 2. Unfortunately the one wild type female died 
before a progeny test could be made. It is evident that crossing-over 
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among the X-chromosomes in the superfemale is infrequent. It is a simple 

matter to compare this frequency with that observed in triploid females 

with two X-chromosomes attached. From the data of Beadle" it is known 

that apparent single crossovers between the spindle attachment (locus 

66+) and yellow (locus 0.0) occur with a frequency of about 7 in 16 (com- 
pom, 


bined data from XX and X gametes). Statistically considered, it is prac- 
tically certain that the frequency observed in the progeny of transplanted 
superfemale ovary is less than this (6 = <0.0001 that they could be 
samples of identical populations—Warwick’s tables"). 

Discussion.—From the above results it is clear that superfemale ovaries, 
transplanted to fes diploid females, are able to develop and to give rise to 
eggs of normal appearance in spite of the fact that in their normal positions 
such ovaries never give rise to fully developed eggs (Dobzhansky*). There 
is a definite effect of the host, but since superfemales are normally very 
weak, this host-implant influence may very well be primarily one of nu- 
trition. 

The high mortality observed among the eggs from superfemales was 


ition: 
quite unexpected. With normal meiosis in XXX, 2A individuals (A des- 
ignating one complete set of autosomes), only two types of eggs are ex- 


F ae 
pected, XX, A and X, A. Fertilized by X, A and Y, A sperm, there should 
~~, om i 


be four classes of zygotes: XXX,2A; XX Y,2A; XX, 2A; and XY, 2A. 
The first of these is of course superfemale in constitution, but should show 
normal larval development. The remaining three types of zygotes repre- 
sent normal sexual types and should, so far as genetic constitutions of the 
zygotes themselves go, show normal development. Among the 30 adults 
observed, three of the four expected types are represented. It is known 
that individuals of the fourth type, superfemales, usually die during pupal 
stages of development. Two patroclinous males (B) were observed. These 
individuals must have originated by fertilization of a no-X egg (non-dis- 
junction) by an X sperm. In addition to the exceptional Bar males, one 
lozenge male had the appearance of a haplo-4 individual; it presumably 
resulted from non-disjunction of the fourth chromosomes. 

The results given above, a very low frequency of crossing-over, a rela- 
tively high frequency of non-disjunctional types and the high egg and 
larval mortality, are all indicative of irregular meiosis. It is known from 
various types of evidence that, in general, crossing-over is a normal and 
essential part of the meiotic mechanism (Darlington!*). There are several 
known instances of failure of crossing-over associated with irregular chro- 
mosome distribution at meiosis (e.g., Gowen'* in Drosophila). The case 
described here is of particular interest in that failure of normal crossing- 
over and the presumably subsequent irregular distribution of meiotic 
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chromosomes apparently result from chromosome unbalance. Two types 
of control experiments indicate that the female-sterile host is not respon- 
sible for this behavior: Wild type diploid ovaries grown in fes hosts give 
rise to fully viable eggs, and from many normal diploid females into which 
superfemale ovaries had been implanted the offspring obtained were en- 
tirely from the normal ovaries of the host, suggesting that, under these 
conditions, superfemale ovaries are functionally similar to those grown in 
fes hosts. Since there are no marked irregularities in somatic development 
of a superfemale individual that would indicate disturbances in mitotic cell 
division, we can conclude that the particular chromosome unbalance char- 
acteristic of such individuals has a specific effect on the meiotic mechanism. 
A simple interpretation follows the assumption that the difficulty lies in 
the mechanism normally responsible for crossing-over. 
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Wa. G. KERCKHOFF LABORATORIES, CALIFORNIA INSTITUTE OF TECHNOLOGY, PASADENA, 
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It was shown by Lancefield (1929) that D. pseudodbscura A-B hybrid 
females, when back-crossed either to A or to B males, give sex-ratios among 
their offspring that may deviate widely (in either direction) from 1:1. My 
own experience confirms this result; I have, however, never found a signifi- 
cant excess of male offspring unless the father was descended from certain 
of the older mutant stocks. Back-crossing to males from wild stocks or to 
males whose ancestry could be traced wholly to recently collected wild 

_stocks has never resulted in significantly more than 50 per cent male 


offspring. 
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It appears that a given combination of stocks usually gives approxi- 
mately the same proportion of males in separate cultures, whether these are 
reared simultaneously or not. Some stocks appear to be heterogeneous, 
but the observations establish that the major causes of the variable sex 
ratio are genetic. 


The analysis of the genetic basis involved is incomplete, but certain of 
its elements can now be stated. (1) The source of the A parent of the F; 
female tested is very influential, that of the B parent less so—possibly of 
no significance. (2) The source of the male to which the F, female is 
mated strongly influences the result; part but not all of this influence is due 
to the Y-chromosome carried by such a male. 


Since the last-mentioned point involves a new type of effect of the Y- 
chromosome, it seems desirable to record it, even though the analysis is 
still unfinished. 


Several strains of Race B from the mountains of California (Sequoia 
National Park, Lassen National Park, Dunsmuir) give, when crossed to 
A-B hybrids, many fewer males than do other strains (including some from 
the same localities). If certain types of F; females are used, these strains 
give from 0 to 5 per cent males. Certain Race A strains from Mexico give 
similar results. 

In order to study the nature of such differences, reciprocal matings were 
made between “‘high’’ and “‘low’’ strains within a race, and the F; males were 
mated to A-B females. Table 1 shows the results of a few such experiments. 
These results show that the F, males differed, and were in every case more 
like the paternal than the maternal stock—a result that can only be in- 
terpreted as being dependent on the Y-chromosome. Corroborative evi- 
dence is available, extremely low ratios having been found to be char- 
acteristic of the males from complex experiments in which the Y came from 
Sequoia-8, another “low’’ strain of Race B. In Race A, experiments 
analogous to those here reported have indicated a Y difference between 
the Georgetown and LaGrande-4 (Washington) stocks; here, however, the 
difference between the parental strains is much less marked, and the experi- 
ments are correspondingly less conclusive. 

On the other hand, such experiments involving the Seattle-4 and Shelter 
Cove-5 (California) strains have indicated that the Y’s of these strains do 
not differ in their effects, though the ratios given by the two stocks are 
clearly and consistently different. This result shows that there must be 
other (evidently autosomal) genes affecting the potentialities of the males 
used in these experiments. 


Table 1 is itself in agreement with this conclusion, since in every case the 
F, males carrying the “low” Y give a higher proportion of sons than did 
the males of the pure “low’”’ strain. 
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TABLE 1 
MALES Fi 9 FROM BARE (A) 9 Fi Q FROM ORANGE (B) 9 
BY CINNABAR (B) BY BARE (A) @ 
ge ad oo" PER °9 ad oo! PER 
100 9 9 100 9 9 
Race A 
Georgetown, Texas 245 134 55 120 86 72 
Oaxaca-4, Mexico 426 38 9 338 102 30 
F,, Oax.-4 X Texas 213 96 45 315 241 77 
F,, Texas X Oax. 4 322 68 21 330 161 49 
Race B 
Seattle-4 238 79 33 238 184 77 
Sequoia-17 237 10 4 353 35 10 
F,, Seq. 17 X Seat. 4 360 206 57 281 223 79 
F,, Seat. 4 X Seq. 17 453 90 20 593 108 18 


Two further points may be noted. First, the aberrant sex ratios are 
evidently due to the death of more males than females, and these males 
receive the paternal Y. The chromosome in question is therefore present 
in the individuals whose survival-rate determines the observed ratios. 
Second, ali the extreme “low” Y’s known belong to Dobzhansky’s (1937) 
Type I, which is cytologically the largest Y known in the species. It is 
yet to be determined if all Type I Y’s are alike, or if (as now seems more 
likely) some of them are of the “high” type. 

Finally, it should be stated that F, cultures (A X B or B X A) consis- 
tently give 1:1 sex ratios, as do matings within either race, in the absence 
of sex-linked lethals and of the sex-ratio gene (Sturtevant and Dobzhansky 
1936), which were certainly not present in the A-B experiments here 
described. 


Dobzhansky, T., Genetics, 22, 340-346 (1937). 
Lancefield, D. E., Zeits. ind. Abst. Vererb., 52, 287-317 (1929). 
Sturtevant, A. H., and T. Dobzhansky, Genetics, 21, 473-490 (1936). 


THE EFFECT OF X-RAYS ON CHROMOSOMES IN MITOSIS 
By ALFRED MARSHAK 
THE LABORATORY OF PATHOLOGY, NEw ENGLAND DEACONESS HOSPITAL 


Communicated May 27, 1937 


Studies have been made of the frequency of x-ray-induced chromosome 
abnormalities in anaphases in the mouse sarcoma C R 180, the rat carci- 
noma, Walker 256 and in the root tips of the seedlings of Vicia faba, Pisum 
sativum, Allium cepa and Lycopersicum esculentum. In all organisms the 
frequency of chromosome abnormalities (induced attachment and frag- 
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mentation of chromosomes) reached a sharp peak at two to three hours 
after irradiation,* with a gradual return to normal by forty-eight hours 
(Fig. 1). The curves for the per cent normal anaphases at three hours 
after irradiation are simple exponential functions of the x-ray dose in all 
species (Fig. 2). The slopes of the curves for any one species are identical 
for x-rays produced at 120, 180 and 400 kilovolts. These results indicate 
that the ion pair and not the quantum is the effective agent, and that a 
single ion pair produced in that portion of the chromonematic volume ca- 
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FIGURE 1 
Per Cent Normal Anaphases after Irradiation 
Ordinates per cent normal anaphases. Abscissae, time after irradiation, Open 
circles represent irradiated roots; closed circles, unirradiated controls. R indicates 
dose in roentgens. 


pable of reacting suffices to produce the alterations leading to the abnormali- 
ties observed in anaphase. 

Curves for the inhibition of mitosis as a function of time after irradiation 
parallel those for chromosome abnormalities. Mitosis is inhibited in or at 
the end of the resting stage since the division stages disappear and there is 
no immediate killing of cells. [The inhibition has previously been described 
in irradiated tissue cultures by Strangeways and Hopwood and Spear.*] 
Therefore, cells observed in anaphase at the time of the peak of the inhibi- 
tion and abnormality curves were in the very beginning of prophase at the 
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time of irradiation. However, inhibition of mitosis is not a function of 
chromosome length. Three hours after irradiation with equal doses, counts 
of the frequency of anaphases showed nineteen per cent inhibition in Al- 
lium which has very long chromosomes and twenty-two per cent inhibition 
in Lycopersicum which has very small ones. 

The slopes of the survival curves of the different species vary directly 
with the total length of the chromonemata at metaphase. Vicia and 
Allium with the longest chromosomes have the steepest slopes. The 
chromosomes of the rat, pea, mouse, tomato being successively smaller, and 
the slopes of their survival curves follow the same order. More exact com- 
parison can be made between Vicia and Pisum where the lengths of all 
chromonemata at metaphase have been measured. These lengths are 
0.392 cm. and 0.172 cm. and the slopes of their survival curves are 10.7 X 
10-* and 4.3 X 10~%, respectively. The ratio of the lengths is 2.3 and of 
the slopes 2.5. From the approximately direct proportionality of slopes to 
chromonematic lengths, it follows that the cross-sectional area of the sensi- 
tive volume is almost identical for these two organisms, and the more ap- 
proximate determinations of chromonematic lengths in the other organisms 
indicate that the cross-section in these is at least of the same order of 
magnitude. 

The diameter of the x-ray sensitive portion is 10 X 10~-* cm. for Vicia 
and Pisum. From previously published data on the sensitivity of Gasteria 
meiotic chromosomes,” the slope of the survival curve for pairs of chroma- 
tids is 2.36 X 10~* and the length of one chromonema at metaphase is 
52.6 X 10-*cm. Assuming that division of the chromonemata is taking 
place at the time of irradiation (pachytene), there will be in each pair of 
chromatids, four possible combinations of chromonemata detectable as 
attachments or fragments in anaphase. The effective length will then be 
.021 cm. and the diameter of the sensitive volume will be 20 X 10-8 cm., 
which as a first approximation ought not to be considered significantly dif- 
ferent from the diameters obtained for somatic chromosomes.t Therefore 
in spite of the very large differences in the lengths of the chromonemata of 
the different species used, the diameters of their sensitive volumes seem to 
be remarkably similar in size. Such uniformity suggests that the value 
obtained for the cross-section of the sensitive volume is not simply a statis- 
tical number, but represents a dimension of some physical structure in the 
chromosome which is similar in all organisms studied. 

In each chromosome entering the resting stage there are two chromone- 
mata visible under the microscope and by metaphase there are four dis- 
tinct chromonemata in mitosis of all the species studied. The marked 
increase in sensitivity which follows with the onset of prophase may be 
attributed to the sub-microscopic chromonematic division which occurs at 
this time. Since the maximum number of abnormalities occurs in the first 
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anaphase after irradiation it follows that the separation of chromonematic 
strands formed by the division in prophase occurs in the succeeding ana- 
phase and not in the second succeeding anaphase as postulated by Sharp.® 

The first abnormalities observed after irradiation are almost entirely 
attachments of chromosomes, with the subsequent appearance of both at- 
tachments and pairs of fragments. This may be taken to indicate that 
almost all abnormalities produced by irradiation in the prophase may be 
the result of primarily induced attachments, some persisting as such 
through the anaphase and others breaking to leave pairs of fragments. If 
the initial effect of the ionizing radiation is to produce approximation of 
surfaces which normally are separating, the production of chromosome ab- 
normalities may be analogous to the agglomeration of colloids by such 
radiation. It has been demonstrated that only positively charged colloids 
are precipitated or coagulated by x-rays.® Precipitation or coagulation of 
_proteins occur only at or on the acid side of the isoelectric point.’ By anal- 
ogy the separating chromonematic surfaces must have their charges bal- 
anced or carry a net positive charge. If the intracellular pH be taken to be 
about 7{ the proteins most likely to be positively charged at this pH will 
be the protamines and the histones, which have long been associated with 
the nucleus. The dimension 10 X 10~* cm. obtained for the chromosome 
sensitive volume is one which appears in x-ray diffraction studies of various 
proteins and which has been identified with the average separation of the 
polypeptide chains.’ From the work of Linderstrgm-Lang!! it may then 
be taken as an approximation of the short diameter also of such simple 
proteins as the protamines or histones with one or afew chains. Thus both 
the nature of its electrical charge and its dimensions point to an identifica- 
tion of the material of the chromosome sensitive volume with the above- 
mentioned proteins. 

Additional evidence in support of this hypothesis is found in the follow- 
ing observations. Chromosomes in meiosis or mitosis are quite insensitive 
to x-rays at metaphase or anaphase, but are sensitive in the prophase, 
particularly so at the very beginning of the prophase. In all the organisms 
studied definite loci on the pairs of chromonemata are markedly chromatic 
while the rest of the chromosome is much less chromatic in the resting stage. 
These loci have been in at least one case identified with the spindle fibre 
attachment region.* In the plants the number of such chromatic bodies is 
exactly or approximately equal to the number of chromosomes. In the 
mammalian cells the number of chromatic bodies is less than the number of 
chromosomes, but they are considerably larger suggesting a coalescence of 
chromatic bodies of different chromosomes. In all cases, however, these 
bodies disappear concomitantly with an increase in chromaticity of the rest 
of the chromonema. In the tomato this stainable material can be seen to 
spread outward along the chromonemata from its orginal focus as the pro- 
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phase proceeds until at metaphase the chromonemata are entirely and uni- 
formly chromatic except in the regions of the secondary constrictions. If, 
as has been shown previously, the x-ray data may be taken to indicate the 
appearance of positively charged surfaces at the division of the chromone- 
mata one must assign a negative charge to the chromatic substance which 
becomes drawn out along the chromonema after and probably as a result of 
the appearance of these positively charged surfaces. Complete coating of 
the chromonemata with this negatively charged material by metaphase 
would then render them relatively insensitive to x-rays. The evidence 
further suggests identification of this negatively charged chromatic ma- 
terial wholly or in part with nucleic acids.** 
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FIGURE 2 
Per Cent Normal Anaphases as a Function of Dose 


Ordinates, per cent normal anaphases three hours after irradiation plotted 
on a logarithmic scale. Abscissae, dose in minutes of irradiation, plotted on 
arithmetic scale, 20 roentgens per minute for A. cepa and 21.6 roentgens per 
minute for all other species, 


The survival curves obtained in irradiation of tobacco virus and Droso- 
phila sperm® suggest that the material of the sensitive volume may be 
similar to that of the chromosomes. For example, the sensitive volume of a 
gene in Drosophila is 4 X 10~*! cm.* as calculated from the data of Gowen 
and Gay” on the assumption that the ion pair is the effective agent.t{ If 
the gene be a cylindrical structure with a length equal to that of a clupein 
molecule, 97 X 10-* cm.,!! its diameter will be 7.6 X 10-8 cm., which is a 
fair approximation to the diameter of the sensitive volume of chromosomes. 
Since it is probable that not all mutations were detected (those which were 
neither lethals nor visibles would be inissed), the agreement is even closer 
than the figures indicate. 
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In order to test further the hypothesis that the material of the sensitive 
volume of the chromosome belongs in the protamine or histone group, 
onion seedlings were treated with solutions of NH,OH in distilled water in 
concentrations of .00001 N to .01 N before and during irradiation. In the 
range .001 N to .01 N there is a decrease in sensitivity to x-rays of 30 per 
cent. On the other hand if the seedlings be treated with different concen- 
trations of CO, up to 80 per cent, there is no change in the sensitivity of the 
chromosomes to x-rays. These results are in agreement with expectations 
if the material being affected is a protamine or histone. If there are other 
proteins in the chromosome capable of reacting to x-rays, they must have 
isoelectric points lower than that represented by the intracellular pH pro- 
duced by the 80 per cent CO. mixture. 

In this brief report it has been necessary to omit some considerations 
concerning the properties of the chromonema such as changes in apparent 
length, the significance of its helical structure and possible errors introduced 
by calculations made from fixed material, which have been taken into ac- 
count in the development of hypothesis offered, and will be presented in a 
more detailed account elsewhere. 

Summary.—1. In mitosis chromosomes are most sensitive to x-rays at 
the onset of the prophase, when division of the chromonemata occurs. 

2. Separation of the strands formed by this division occurs at the suc- 
ceeding anaphase, not the second succeeding anaphase as is commonly 
assumed. 

3. The time interval from onset of prophase to late anaphase is 2.5-3.0 
hours in mitosis in all organisms studied. For meiosis the interval from 
pachytene to anaphase is 24 hours. 

4. In different species of plants and animals the frequency of x-ray in- 
duced chromosome abnormalities is independent of wave-length and varies 
directly as the total length of the chromonemata of the somatic chromo- 
some complement. Inhibition of mitosis is independent of chromosome 
length. 

5. The diameter of the sensitive volume of the chromonema is of the 
same order of magnitude in all species studied. In three species where ac- 
curate measurements of chromonemata have been made the calculated 
diameters show good agreement. The value of this diameter agrees with 
the dimension obtained from x-ray diffraction studies, which has been iden- 
tified with the average diameter of a polypeptide chain, or with the di- 
ameter of a protamine molecule (10 X 10-* cm.). 

6. Fair agreement with this diameter is obtained from data on the fre- 
quency of gene mutation in Drosophila on the assumption that the length of 
the gene along the axis of the chromonema is equal to the length of a clupein 
molecule. 

7. Response to treatment with NH,OH and CO, before and during 
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irradiation is in agreement with the hypothesis that the sensitive material 
of the chromonema belongs to the same category as the protamines or 
histones. 

8. Cyclic changes in the localization and spread of chromatic material 
along the chromonemata indicate that this substance is negatively charged 
and therefore probably composed of nucleic acids. These changes in the 
distribution of negatively charged material are in harmony with the ob- 
served changes in sensitivity to x-rays. 

The writer wishes to express his gratitude to Dr. Shields Warren for 
making it possible to carry out these experiments, and for his very helpful 
advice during their execution. The work was aided by a grant from 
Eli Lilly and Company. A report of the findings was presented before 
Section N of the A. A. A. S. in December, 1936. 
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* This is to be compared with the twenty-four hour interval from pachytene to ana- 
phase in the first meiotic division in the plant Gasteria.? 

+ It is assumed that in both mitosis and meiosis no abnormalities are produced by x- 
ray induced changes along the original plane of separation of the chromonemata. In 
mitosis abnormalities follow changes along the plane of the new division of the chromone- 
mata, and in meiosis along the synaptic plane as well. In mitosis, therefore, the 
“effective length” is twice the length of the single chromonema and in meiosis four times 
that length. 

ft Phenol red injected into the cytoplasm of Amoeba dubia assumes a coloration com- 
parable to standard solutions at about pH 6.8. The apparent pH of the nucleus of 
echinoderm eggs is given as about 7.5 by Needham and Needham" and by Chambers 
and Pollack.'6 

** These changes in the distribution of charges may be taken as the basis for the sub- 
. sequent orientation of chromosomes on the metaphase spindle and their movements to 
the poles in anaphase. This hypothesis will be discussed in detail elsewhere. 

tt The energy released at the formation of an ion pair, 1.23 X 10~!8 ergs, is about ten 
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times that needed to denature egg albumin, using the estimate given by Mirsky!” or 
fifty times the energy needed for the inactivation of certain ionic forms of pepsin accord- 
ing to Steinhardt’s determinations.13 The denaturation of egg albumin by ultra-violet 
light is a first order reaction,‘ i.e., the survival curve is a straight line similar to that ob- 
tained for chromosome abnormalities. It seems quite likely, therefore, that denatura- 
tion may occur in the production of chromosome abnormalities by x-rays. In this con- 
nection it is interesting to note that abnormally high temperature will produce chromo- 
some abnormalities. Also, with incompletely ripened V. faba seed that have thin seed 
coats, the frequency of chromosome abnormalities will gradually rise from 1 to 30 per 
cent in two months, suggesting that the process may be due to desiccation or oxidation. 
All these agents will denature proteins. 


THE ACTION OF CERTAIN SUBSTITUTED PHENOLS ON 
MARINE EGGS IN RELATION TO THEIR DISSOCIATION 


By ALBERT TYLER AND NORMAN H. Horowi1tTz 


Wiii1am G. KERCKHOFF LABORATORIES OF THE BIOLOGICAL SCIENCES, CALIFORNIA 
INSTITUTE OF TECHNOLOGY 


Communicated June 7, 1937 


It has been shown by Clowes and Krahl’? that various substituted 
phenols as well as dinitrophenol increase the respiratory rate of marine 
eggs. Also, the highly interesting reversible block to cleavage, which they 
found to occur at the maximum of respiratory stimulation, is likewise ex- 
hibited. The different substances (nitro- and halo-phenols and cresols 
in particular) used were found to be active in different concentrations, 
and some attempt is made to relate the activity to molecular structure. 
The degree of dissociation of the phenolic OH is taken to be of no signifi- 
cance in their experiments. There has been some controversy concerning 
this question. Field, Martin and Field*‘ showed that in yeast the amount 
of respiratory stimulation by 2,4-dinitrophenol and by 4,6-dinitrocresol 
depends upon the concentration of the undissociated form present, similar 
calculated concentrations of undissociated DNP giving at different pH’s 
the same stimulation. Citing their own experiments and those of Ehren- 
fest and Ronzoni® on yeast, De Meio and Barron,‘ on the other hand, dis- 
agree with this conclusion. 

Our experiments with sea-urchin eggs bear out the contention of Field, 
Martin and Field. In addition, experiments with different substituted 
phenols make it appear likely that once inside the cell, it is the dissociated 
form that is active. 

The significance of the undissociated fc.m became evident in experi- 
ments in which the effect of 2,4-DNP on different concentrations of eggs 
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was tried. A given concentration of DNP was found to be more effective 
in the higher concentrations of egg suspensions.!? For example, in an ex- 
periment with the sea-urchin Strongylocentrotus purpuratus, it was found 
that a concentration of 3.75 X 10~* molar DNP in sea water will permit 
95% of the eggs of a weak suspension to divide, but will reversibly block 
cleavage in a heavy suspension, as table 1 shows. The result can be in- 
terpreted simply to be due to the lowering of pH caused by the greater 
CO: production of the eggs in the heavy suspension. Other experiments 
in which weakly buffered solutions were used and in which the pH was 
taken showed it to be, in fact, lower in the more concentrated suspensions 
(table 1, columns 4 to 7). 


TABLE 1 


EFFECT OF DIFFERENT CONCENTRATIONS OF EccGs. Strongylocentrotus purpuratus. 
TEMPERATURE, 20°C. 


EGG CON- 
CENTRATION 


DNP con- NO. PER CC. DNP con- RELATIVE 
CENTRATION OF SOLUTION PERCENT CENTRATION CONCENTRA- PER CENT 
M X 105 X 20,000 CLEAVED M X 10* TION OF EGGS CLEAVED pH 

2.25 1 100 2.0 1 98 7.25 
2.25 25 40 2.0 115 73 7.19 
3.75 1 95 3.0 1 60 7.24 
3.75 25 0.5 3.0 115 15 7.13 
5.25 1 60 4.5 1 40 ee 
5.25 25 0 4.5 115 5 7.09 
0 25 100 


Such a pH effect can be attributed to a change in the concentration of 
undissociated DNP. To demonstrate this, it is necessary to show that at 
different pH’s, the same effect is produced by the same calculated con- 
centration of undissociated DNP. The results presented in table 2 show 
this relation. 

In these experiments, the total carbonate components of the sea water 
were removed by acidifying to pH 3 and bubbling air through for 24 hours 
or more in order to eliminate CO, effects. It is necessary, then, to use 
another buffer in place of the bicarbonate system. For this purpose the 
dipeptide glycylglycine, as has been recently shown by us,’ is a quite satis- 
factory buffering agent. Phosphate buffer is good only at low pH’s; it 
begins to precipitate the Ca and Mg of sea water at pH 6.3. For dilute 
suspensions of eggs a 0.005 molar solution of glycylglycine in sea water 
gave sufficient buffering. For heavier suspensions, as used in respiration 
runs, concentrations of 0.01 to 0.02 molar were employed. No particular 
effect of the glycylglycine on the condition of the eggs is noted until con- 
centrations of 0.05 to 0.10 molar are reached. 

Table 2 gives the different concentrations of DNP required at differ- 
ent pH’s to produce the same extent of reversible cleavage block. In de- 
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termining the blocking concentrations, a series of different concentrations 


were, of course, tested at each pH. The concentration of undissociated 
[H* ][2P] 
DNP present is calculated from the equation: IP |= where 
[=P] = [HP] + [P~], and K, the dissociation constant, is taken as 10~*. 
It may be readily seen from the table that widely different concentrations 
of DNP are required at different pH’s to give the same extent of blocking. 
However, the calculated concentrations of undissociated DNP present 
are practically constant at the different pH’s. There is some divergence 
which may be significamt because slightly lower values are consistently ob- 
tained at the lower pH’s. We shall not try to account for this divergence 
at present. It is clear enough from the results that the effectiveness of 
DNP depends on the concentration of the undissociated form present. 


TABLE 2 
CONCENTRATIONS OF 2,4-DNP, [ZP], REQUIRED TO Give 90 To 100% REVERSIBLE 
CLEAVAGE BLOCK AT DIFFERENT pH’s. [HP] = CaLcuLATED CONCENTRATIONS OF 
THE UNDISSOCIATED Form. Strongylocentrotus purpuratus. TEMPERATURE, 20°C. 
EXPERI- [=P] HP) EXPERI- =P] Pog 
MENT M X 106 pH x 10° MENT xX 106 pH x 10° 
10.0 TAT 6.8 29.4 7.55 8.3 
A 58.2 T7h 11.4 58.5 7.75 10.4 
10.0 7.00 10.0 
12.0 7.22 7:2 
8.75 6.97 9.4 88.0 7.92 10.6 
B 62.5 7.80 9.9 D 12.0 7.30 6.0 
8.75 6.99 9.2 88.0 7.92 10.6 
75.0 7.83 11.1 15.0 7.30 7.6 


Similar results are obtained in respiration experiments with different con- 
centrations of DNP at different pH’s. For example, a 37.5 X 10~® molar 
DNP solution at pH 7.70, increases the respiration to 201 per cent of the 
control rate, and an 8.0 X 10~® molar solution is required to give a similar 
rise (240 per cent) at pH 7.22. The concentrations of undissociated DNP 
are 7.5 X 10~-* and 4.8 X 10~° molar, respectively. Other substituted 
phenols that were tried showed the same pH effect. 

It is evident, then, that comparisons of the activities of different sub- 
stituted phenols must be based upon the concentrations of the undisso- 
ciated form. A fairly exact knowledge of the dissociation constants is, 
of course, important. We have investigated the various phenols listed in 
table 3. 

In this table, the concentrations of the undissociated form required to 
produce the same effect—90% reversible cleavage block—are given in the 
column marked [HP]. The dissociation indices used in calculating these 
concentrations are shown in the first column. A comparison of these con- 
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centrations shows enormous differences. The concentration of o-nitro- 
phenol required is 1,000,000 times that of picric acid. Even omitting 
these extremes, we still have 2,6-dinitrophenol with an effectiveness 45,000 
times that of m-nitrophenol. In other words, one molecule of 2,6-DNP is 
as effective as 45,000 molecules of m-nitrophenol. The effectiveness of 
the various substituted phenols might be assumed to depend on some struc- 
tural property of the molecules. But none of the properties which we have 
studied or which have been suggested to us by structural chemists vary 
in the direction or in the relative magnitudes that would be necessary to 
account for these differences. 

Further considerations, however, show that it may be unnecessary to 
explain these differences, or at least differences of such magnitude. If we 
assume that, once inside the cell, it is the dissociated rather than the un- 
dissociated form that is active, then the differences between the various 


TABLE 3 


CONCENTRATIONS, [2P], OF VARIOUS SUBSTITUTED PHENOLS REQUIRED TO GIVE 90 

To 100% REVERSIBLE CLEAVAGE BLocK At pH 8.0. [HP] = CaLcuLaTED CONCENTRA- 

TION OF UNDISSOCIATED Form; [P~] = CALCULATED CONCENTRATION OF THE 

ANION INSIDE THE CELL (INTERNAL pH 6.6). Strongylocentrotus purpuratus. 
TEMPERATURE 20°C. 


[ZP] [HP] (2) 
pK M X 105 M X 10° M X 106 

o-nitrophenol 7.2510 364.0 550,000 122 

m-nitrophenol 8.33719 34.3 240,000 4.4 
p-nitrophenol 7.2151 14.9 21,000 §.1 
2,4-dinitrophenol 4.001011 10.0 10 4.0 
2,6-dinitrophenol 3.58510 13.9 5.3 5.5 
2,4,6-trinitrophenol 0.7961! 911.0 0.57 365 

2,4-dichlorophenol 7.69919 30.9 103,000 8.2 
2,4,6-trichlorophenol 6.010 13.8 1,370 5.5 


phenols largely disappear. For this purpose we must assume some value 
for the pH inside the cell. It is not necessary for purposes of comparison 
to know the exact pH inside the cell. There is now, however, fairly good 
agreement on the value 6.6, found by the Needhams*® and by Chambers 
and Pollack,® for the pH of the sea-urchin egg. Using this value for the 
pH and the pK values given in column one of table 3 we get the calculated 
concentrations of the ions of the various substituted phenols given in the 
last column of the table. These values are for the most part quite close. 
Similar correspondence in [P~] is obtained in the respiration experiments 
For example, the concentrations causing maximum respiratory stimulation 
give the following calculated values for [P~] inside the cell: 2,4-DNP, 
2.7 X 10-* molar; m-nitrophenol, 3.4 X 10~* molar; p-nitrophenol, 3.5 
X 10~-* molar; 2,4-dichlorophenol, 6.2 X 10~* molar. These values are 
obtained from respiration runs involving at least six different concentra- 
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tions. The values are in fairly good agreement. It is, of course, more 
difficult to determine the point of maximum respiratory stimulation than it 
is to determine cleavage block. We therefore make our comparisons on 
the basis of the same extent of reversible cleavage block caused by the 
different substituted phenols. 

The values fur o-nitrophenol and picric acid differ considerably from 
the others. o-Nitrophenol and picric acid also stimulate the respiration, 
giving, at the maximum, 215 and 125% of the control rate, respectively. 
The calculated [P~] at which this stimulation is obtained are 1.26  10~4 
and 4.4 X 10~4, respectively, which again departs from the others. Picric 
acid, because of its very high dissociation, might be expected to behave 
differently. Why o-nitrophenol should depart so much from the others 
cannot be so readily seen upless the listed dissociation constant is possibly 
too low. The agreement between the other nitrophenols is striking. The 
trichlorophenol also agrees, but the dichlorophenol value differs somewhat 
more from the others. For trichlorophenol another published value of its 
pK is 7.591! which would bring the calculated [P~] down to 2.6 X 10~°. 
It would be well to know which pK value to take, and to know some of the 
others more accurately before attributing any significance to the differ- 
ences. A biological method of determining dissociation constants from 
the analysis of the pH effects suggests itself for cases in which solubility 
or some such factor limits the application of physico-chemical methods. 
This method involves simply the determination of the concentrations of 
the particular substance required at different pH’s to produce the same 
effect on the eggs. The method is limited to pK values lying in the pH 
range in which the eggs will develop. 

The agreement between the [P~] inside the cell may be taken to mean 
that the various substituted phenols (with the exceptions noted) are equally 
effective. The experiments showing that the effectiveness of any one 
of these different substituted phenols is proportional to the concentration 
of the undissociated form present simply mean that it is the undissociated 
molecule that goes through the cell membrane. Once inside the cell it 
dissociates and it is apparently the ionic form that is active in stimulating 
respiration and reversibly blocking cleavage. 


1 Clowes, G. H. A., and M. E. Krahl, Jour. Gen. Physiol., 20, 145-171 (1936). 

2 Krahl, M. E., and G. H. A. Clowes, Ibid., 20, 173-184 (1936). 

3 Field, J., 2nd, A. W. Martin, and S.M. Field, Jour. Cell. and Comp. Physiol., 4, 
405-420 (1984). 

4 Field, J., 2nd, A. W. Martin, and S. M. Field, Proc. Soc. Exptl. Biol. Med., 32 
1043-1046 (1935). 

5 Ehrenfest, E., and E. Ronzoni, [bid., 31, 318-319 (1933). 

6 De Meio, R. H., and E. S. G. Barron, Jbid., 32, 36-39 (1934). 

7 Tyler, A., and N. H. Horowitz, Science, in press (1937). 

8 Needham, J., and D. M. Needham, Proc. Roy. Soc., B99, 173-199 (1926). 
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1 From Scudder, H., The Electrical Conductivity and Ionization Constants of Organic 
Compounds. New York, D. Van Nostrand and Company (1914). 
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THE PRODUCTION OF STERILITY IN MALE MICE BY 
IRRADIATION WITH NEUTRONS* 


By GEORGE D. SNELL AND PAuL C. AEBERSOLD 


Roscogr B. JACKSON MEMORIAL LABORATORY, BAR HARBOR, MAINE, AND DIVISION OF 
ROENTGENOLOGY, UNIVERSITY OF CALIFORNIA MEDICAL SCHOOL, SAN FRANCISCO, 
CALIFORNIA 


Communicated June 7, 1937 


Recent investigations by Lawrence and Lawrence;! Lawrence, Aeber- 
sold and Lawrence;? Zirkle and Aebersold;* and Zirkle, Aebersold and 
Dempster* have shown that neutron rays act in a manner similar to, but 
not identical with, x-rays, in retarding or inhibiting the growth of various 
tissues. A striking difference is the much greater biological potency of 
neutron rays when measured in terms of ionization. There is evidence, 
moreover, that the difference between the two types of radiation varies 
according to the organism or tissue to which they are applied. Thus 
Zirkle, Aebersold and Dempster,‘ in comparing the biological activity of 
neutron and x-irradiation, find a ratio of effectiveness of 5 to 1 for actively 
sprouting seedlings, 2.1 to 1 for Drosophila eggs and 2.5 to 1 for fern spores. 
The results of Lawrence, Aebersold and Lawrence?’ suggest that fast neu- 
trons are particularly effective in the case of cancerous tissue. 

An investigation by Whiting’ has shown that dominant lethal changes 
are produced in the sperm of Habrobracon by neutron rays. 

The present study is concerned with the production of sterility and 
dominant lethal changes in mice by neutron irradiation. 

Twelve mice of an inbred albino (C) strain were sent by air express from 
the Roscoe B. Jackson Memorial Laboratory to the Radiation Laboratory 
of the University of California for treatment. The arrangement for ir- 
radiation and dosage measurement is the same as that used by Zirkle, 
Aetersold and Dempster. The dosages applied ranged, in the region of 
the testes, from 110 to 215 “‘roentgens”’ of neutrons. At the centers of the 
animals’ bodies, which were nearer the source of the rays, doses ranged from 
~ 135 to 260 “‘r’” of neutrons. Immediately following treatment, the mice 
were returned by air express, and placed on their arrival. each with two 
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to four females of unrelated inbred stocks (P and M). Daily vaginal 
smears were taken from these females, and daily observations made for 
vaginal plugs over a period of 26 days. Pregnant females were isolated 
and observed daily until.the litter was born. Six of the twelve males were 
killed at varying intervals following irradiation and observations made on 
the number and motility of spermatozoa in the epididymides and the vasa 
deferentia. Their testes were sectioned and studied histologically. 

A control was provided by matings between two untreated males of 
the C stock and a number of females of the P and M stocks. Besides being 
non-irradiated, the control differed from the test group in that the males 
had not been sent to California, but in other respects treatment was 
identical. 


TABLE 1 
WEEKS FROM 
RAYING TO 
MATING 1 2 3 & § O&O 8 BH 13 14 15 TOTAL 

No. of litters 6 5 3 ae 1 18 
No. of young 30 10 4 2 13 S67 
Mean litter 

size BB 1.95 2 665s 
Motile sperm 

in caput epi- 3 few4 

didymides none many*® 
Motile sperm 

in vasa none? 

deferentia many! many? few* some® 


1 § C890, dose 160 “‘r,’”’ killed during first week. 

2 § C892, dose 215 ‘‘r,”’ killed during second week. 

3 o C897, dose 110 “r” and & C888, 160 ‘‘r,” killed during seventh week. The 
few motile sperm in the vasa deferentia were relatively inactive. 

4 § C891, dose 140 “‘r,” killed during ninth week. 

5 § C886, dose 110 “r,” killed during ninth week. 


The results are summarized in tables 1 and 2. 

It will be seen from table 1 that fertile matings were obtained for ap- 
proximately three weeks following the raying. The last fertile mating 
was by @ C888 and occurred approximately 20 days (no plug was noted 
in this case) after treatment. The resulting litter consisted of one still- 
born individual. Matings continued to occur up to the twenty-sixth 
day following treatment when observations for vaginal plugs were 
discontinued. 

Following this initial fertile period, there was a sterile period which 
lasted until the thirteenth week following raying, when matings again 
began to produce litters. Surviving males were kept with females of 
known fertility throughout this period, and although observations for 
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plugs were not made beyond the twenty-sixth day, matings presumably 
continued to occur throughout as they had up to the twenty-sixth day. 

The cause of the sterile period is indicated by the observations made on 
the sperm tract of the killed males. As will be seen from table 1, many 
motile spermatozoa were present in the vasa deferentia of o’ C890 and 
o C892 killed during the first two weeks. In o& C897 and o C888, 
killed 40 days after treatment, only a very few sperm, and these of low 
motility, were still present in the vasa deferentia. There were none in the 
heads of the epididymides. Evidently no new sperm were produced, in 
fact, since the period of survival of sperm approximates 40 days,® it seems 
probable that their production had ceased shortly after raying. In ¢& 
C891 and & C886, killed 61 days after treatment, new sperm had begun 
to appear in the heads of the epididymides, but only in the case of o C886, 
who had received the smaller dose (110 as compared with 140 ‘‘roentgens’’), 
had these reached the vasa deferentia. It was four weeks more before the 
first fertile mating occurred. 

Sections of the irradiated testes show a considerable period of reduced 
mitotic acitivity beginning soon after treatment and lasting for several 
weeks. This tends to confirm the above interpretation. Mitoses are 
present though few in o& C890, killed 6 days after treatment (160 ‘‘r’’). 
Divisions are still few, and the tubules quite depleted of cells, in o& C888 
killed 46 days after treatment (160 ‘‘r’’), but the testes of o C897 killed at 
the same time (dose 110 ‘‘r’’) appear much more nearly normal. In two 
males (C886 and C891) killed 61 days after treatment (110 and 140 ‘‘r,”’ 
respectively) mitoses are numerous. 

According to the above interpretation, production of sperm practically 
ceases following treatment with doses of 110 or more ‘‘r’’ of neutrons. The 
initial fertile period lasts only until the mature spermatozoa already in the 
sperm tract at the time of treatment have become too inactive to effect 
fertilization. 

Perhaps the most striking effect of the treatment is the reduced size of 
the litters born during the initial fertile period. Fourteen litters born in 
the test group during this period averaged 3.1 + 0.5 young, while the nine 
litters in the control group averaged 8.4 + 0.6 young (table 2). There is 
thus a reduction of about 63% due to the treatment. With the evidence 
available, any explanation of this reduction in litter size must be some- 
what speculative, but in the light of current genetic knowledge concerning 
the effects of various kinds of radiation on living organisms, it seems likely 
that it is due to the production in about 63% of the mature sperm of changes 
lethal to the developing embryo. Most of these changes are probably 
either deletions, or translocations in which one of the resulting chromo- 
~ somes has received two spindle fibre attachments. 

Matings by male mice used in lethal studies with neutrons at the Radia- 
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tion Laboratory in Berkeley gave results similar to the above. There was 
the same pre-sterility period with small litters, and a resumption of normal 
fertility and litter size after an interval of 8 or 9 or more weeks. 
Discusston.—The results obtained in the first generation of this study 
of the genetic effect of neutron rays on male mice are essentially the same 
as those obtained through the application of x-rays, with the one impor- 
tant exception that, as measured by the ionization produced in the Bake- 
lite-walled thimble chamber of a standard r-meter, a much smaller dose 
of the former is required to produce the same change. In the case of x-rays, 
a dose of 700 roentgens may be expected to produce a reduction in litter 
size of about 64% (Snell, 1933, table 4). In the present experiment, a 


TABLE 2 
PRE-STERILITY LITTERS POST-STERILITY LITTERS 
DOSE NUMBER NUMBER MEAN NUMBER NUMBER MEAN 
AT OF OF LITTER OF OF LITTER 
TESTES MALE LITTERS YOUNG SIZE LITTERS YOUNG SIZE 
140 “rs” C886 3 18 6 
C897 2 4 2 
120 “2” C889 2 8 4 1 5 5 
130 “‘r’”’ C887 3 3 1 
C894 0 0 0 
140 ‘‘r” C891 3 10 3.3 1 2 2 
C896 0 0 0 2 16 8 
160:"s"" C888 1 1 1 
C890! 0 0 0 
186 “r” C893 0 0 0 
C895? 0 0 0 
216 “r” C8923 0 0 0 
Total 14 44 3.1 
Control C807 4 33 8.2 
C812 5 43 8.6 
Total 9 76 8.4 


1 Sick 6 days after treatment, killed. 
2 Died 5 days after treatment. 
3 Sick 8 days after treatment, killed. 


reduction of 63% was produced by doses of neutron rays ranging from 
110 to 160 “‘roentgens.”” Evidently the neutron rays, as measured by the 
amount of ionization produced in the Bakelite-walled thimble chamber, 
are about 5 to 6 times as potent as x-rays in producing dominant lethal 
changes in the mature sperm of mice. Measurement using chambers with 
tissue-like walls other than Bakelite indicate that neutrons do not cause 
five times as much ionization in tissue as x-rays when these radiations 
cause equal ionization in a Bakelite-walled chamber. Consequently, it 
appears that for approximately the same ionization in the tissue, neutron 
rays produce more dominant lethal changes. Since the ionization paths 
or loci produced by neutron irradiation are of a different character from 
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those produced by x-irradiation, the above result and further experiments 
producing mutations with neutrons may lead to new conclusions regarding 
the interaction of radiation ions with genes and hence of the size and struc- 
ture of the gene. 

It is interesting to note that the ratio of effectiveness (5 or 6 to 1) for the 
effects on mature sperm of neutron as compared with x-irradiation is com- 
parable to that for carcinoma cells (5 or 6 to 1), and actively sprouting 
seedlings (5 to 1), but greater than that for Drosophila eggs (2.1 to 1), for 
fern spores (2.5 to 1) and normal mice (4 to 1), all of which were dosed by 
the same method. The action on mature sperm measured in the experi- 
ments here described is one in which chromosome changes probably are 
much the most important element. It may be possible by further study 
of ratios of effectiveness to determine the cell element which first breaks 
down under irradiation in any given case. 

Results obtained in later generations will be reported in a subsequent 
paper. 

We appreciate the interest and codperation of both Professor Ernest 
O. Lawrence and Dr. John H. Lawrence. One of us (P. C. A.) partici- 
pated in this work as a Fellow in Radiation Studies supported by the Chris- 
tine Breon Fund of the University of California Medical School. This 
investigation has been aided by grants from the Josiah Macy, Jr., Founda- 
tion and the Committee on Radiation of the National Research Council. 
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SEX, SEX INHERITANCE AND SEX DETERMINATION IN 
PARAMECIUM AURELIA 


By T. M. SONNEBORN 
DEPARTMENT OF ZOOLOGY, JOHNS HOPKINS UNIVERSITY 


Communicated June 9, 1937 


Paramecium has long appeared an outstanding example of the absence of 
sexual differentiation in individuals that nevertheless conjugate. In a cer- 
tain race of Paramecium aurelia, however, I have discovered that there is 
functional sex diversity. Two classes of individuals exist. Members of 
~ different classes unite for conjugation; members of the same class do not. 
This relation was discovered in pursuance of the author’s study of the 
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genetic results of endomixis. It was found that after endomixis, in certain 
cases the numerous descendants of a single individual that has undergone 
endomixis will not conjugate together, but that they will under the same 
conditions conjugate with descendants of certain other exendomictic indi- 
viduals. Following this clue, the entire stock was found divisible into two 
sex classes, and the phenomena were unraveled as set forth in the following. 

Different races of Paramecium aurelia show remarkable diversities in the 
sexual phenomena, so that I shall first give an account of them in the race 
S in which they were discovered, then mention some of the different rela- 
tions in other races. 

Race S.—Race S, originally from a pond of Cold Spring Harbor, Long 
Island, was obtained from Drs. Schaeffer and Wichterman, of Temple 
University. 

Sexual Behavior—When cultures derived from single individuals without 
the intervention of endomixis are mixed together, in some of the mixtures 
the individuals immediately clump together in clusters, from which they 
later emerge as conjugated pairs. In other mixtures no clumping or conjuga- 
tion occurs. If samples from a number of such cultures are paired off in 
all possible combinations, it is found that they are divisible into two groups. 
Any culture of the one group will form clusters and conjugants when mixed 
with any culture of the other group. But no sexual reaction (clumping 
or conjugation) occurs when any two cultures of the same group are mixed 
together. The two sex classes thus revealed will be called for convenience 
sex I and sex II. They do not differ in size or in any visible respect. 

When many individuals of the two sexes are placed together (at periods 
when they are ripe for conjugation), a very striking reaction occurs. 
United pairs are formed almost instantaneously. In less than a minute 
there are clusters of three or four individuals. Within five minutes prac- 
tically all the individuals are in clusters, each containing from two to forty 
animals. The clusters persist for forty-five minutes to an hour, during 
which time the definite pairing takes place. Then the clusters separate into 
pairs of conjugants, which remain united (at room temperature) for about 
eight hours. 

Final conjugation appears to occur only between individuals of opposite 
sex type, though during the cluster formation individuals of the same sex type 
may cling together for brief periods. This is demonstrated by introducing 
a single individual of one sex into a drop containing many individuals of the 
other sex. A cluster of several individuals is formed, from which finally 
emerges only a single pair of permanent conjugants. But single individuals 
that separate from the cluster may join themselves temporarily to others, 
necessarily of the same sex type, so that for a short time two, three or four 
pairs may be present. In a few minutes all of these pairs separate except 
one. That this remaining pair includes the single individual of the intro- 
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duced sex may be demonstrated in the following way. For introduction an 
individual is chosen that is larger or smaller than usual, so that it can 
be recognized. The single final pair is always found to contain this indi- 
vidual; its mate is necessarily an individual of the other sex type, so that 
actual conjugation occurs only between individuals of different sex. 

From the facts just described it appears that after contact with an animal 
of the other sex, an individual can effect brief union with other individuals 
of its own sex. Attempts were made to induce in this way completed con- 
jugations between individuals of the same sex, but in the 20 experiments 
carried out in this way this never happened; the two individuals of the 
same sex always separated without completing conjugation. 

Cluster formation and pairing are seemingly not due to the action of 
certain substances in the fluids in which the two sexes are growing, for they 
are not induced by introducing into colonies of one sex fluid from colonies 
of the other sex. Filtrates and centrifugates (lacking animals) from large 
dense cultures of one sex are completely ineffective when introduced into 
cultures of the other sex. Apparently the actual presence of individuals of 
the other sex is necessary for inducing the sexual reaction. 

There are certain periods in the life history when the sexual reactions 
above described do not occur. This is the case for about a week after 
conjugation. Then for a day or two before the complete reaction is produc- 
ible, a small number of conjugant pairs can be obtained by keeping the 
animals for six to twelve hours in mixtures with the other sex. This brief 
period of delayed and weak reactivity is followed by a period during which 
the typical complete reaction occurs, and this lasts until the stock begins 
to undergo endomixis. During endomixis the organisms always completely 
lose their sex reactivity. They regain it in full strength within three days 
after the climax of the endomictic process. 

Except for these brief periods in the life history, and during fission, the 
animals appear capable, under proper physiological conditions, of im- 
mediate sexual reaction at any time. The proper physiological condition 
consists simply in the animals not being overfed. Individuals taken di- 
rectly from daily isolation lines in which there is an excess of food will not re- 
act at once; but if such a culture is left unchanged for two or three days, 
immediate sexual reaction will occur when the other sex is introduced. 
However, starvation is not required; indeed, the animals react best when 
they contain many food vacuoles and appear in excellent nutritive 
condition. 

Inheritance of Sex.—(a) Fission. In the race S, the sex type is strictly 
and invariably inherited in reproduction by fission, provided endomixis or 
conjugation does not intervene. All the numerous products of fission from 
~ an individual of either sex are of the same sex as the progenitor. 

This is demonstrated in two ways. (1) If a single individual of sex I is 
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allowed to propagate and form a large mass culture, clumping and conju- 
gation never occur in this culture even if it is subjected to environmental 
conditions known to be favorable for the induction of conjugation. More- 
over, if samples from this culture are mixed with other cultures known to 
be of sex I, no clumping of conjugation occurs; but if samples are mixed 
with cultures known to be of sex II, cluster formation occurs at once 
and is followed by conjugation. Likewise, large cultures developed from a 
single individual of sex II never conjugate among themselves or when 
mixed with other cultures of sex II, but the conjugation reaction occurs at 
once when mixed with animals of sex I. (2) If an individual of sex I gives 
rise to a daily isolation line and the surplus animals from each day’s culture 
are later tested as to sex by placing some with sex I animals and others with 
sex II animals, clumping and conjugation never occur in the former, but 
always in the latter. The converse occurs in the daily surplus cultures from 
isolation lines begun with an individual of sex II. 

This constancy of sex makes it possible to keep on hand at all times large 
cultures of either sex for use in ascertaining the sex of new lines of descent. 
Tests are made by placing some animals from the new line in a drop 
with animals from a culture known to be of sex I, and others in a drop from 
a culture known to be of sex II. In every case, clumping and conjugation 
occur in one of the mixtures, but not in the other. The new line is shown 
to be of the same sex as the tester with which it fails to conjugate and of 
sex opposite to that of the one with which it does conjugate. This method 
of testing was employed in the experiments described in the following 
paragraphs. 

(b) Conjugation. After conjugation, as before set forth, there is a period 
of about a week during which sex reactivity disappears. If the progeny of 
different exconjugants are kept separate, it is found that when the sexual 
reactivity reappears, certain of the exconjugants have given origin to de- 
scendants all of which are of the same sex as their progenitor before con- 
jugation; others to descendants that are of the opposite sex from their 
progenitor before conjugation, while still others give rise to one line of de- 
scent that is of sex I and one line that is of sex II. 

By employing for mating large well-fed individuals of sex II and small 
poorly fed specimens of sex I, it was possible to recognize the two sexes 
before, during and for some time after conjugation. Of 22 exconjugants 
that had been of sex I before conjugation, 5 gave rise to progeny of sex I 
only, 7 gave rise to progeny of sex II only and 10 gave rise both to some 
of sex I and some of sex II. Of 25 exconjugants that hadebeen of sex II be- 
fore conjugation, 4 gave rise to progeny of sex II only, 3 gave rise to progeny 
of sex I only and 18 gave rise to some of sex I and some of sex II. 

In those of the exconjugants that gave rise to both sexes, the separation 
of the two sexes occurred at the first fission after conjugation. All the de- 
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scendants of one of the products of this fission were of sex I, while all from 
the other product were of sex II. 

This was ascertained by following and testing separately the descendants 
of the eight individuals produced in the first three fissions after conjugation 
by each of 23 exconjugants (thus 184 lines in all). From three of these 
exconjugants all the eight lines were of sex I; from eight others the eight 
lines were all of sex II. From each of the remaining 12 exconjugants, the 
four lines from one product of the first fission were of sex I, the four from 
the other product of the first fission were of sex II. Thus no separation 
of sexes occurred after the first fission following conjugation. 

These results were confirmed by examination of many large cultures 
each derived from one of the products of the first fission of a single excon- 
jugant. Though each such culture contained thousands of individ- 
uals, conjugation never occurred in any of them (so long as endo- 
mixis had not taken place). If the cultures had contained both sex types 
conjugation would have occurred in them, as often does occur when the 
cultures are made up of all the descendants of a single exconjugant. Thus 
in any culture derived from but one of the products of the first fission all 
the individuals were of the same sex. Separation of the two sexes in the 
descendants of an exconjugant occurs at the first fission or not at all.’ 

Therefore, in order to discover the rules for the inheritance of sex, one 
must deal with the descendants of the products of the first fission after 
conjugation as units. These rules were studied in several matings be- 
tween members of the same or of different clones of race S. All gave the 
same type of results, so that they will be considered together. 

Altogether, the descendants of 316 individuals that were products of the 
first fission after conjugation were carefully tested as to sex. Of these, 158 
were of sex I, the other 158 of sex II, giving a ratio of 1:1. In 139 excon- 
jugants the descendants of both products of the first fission were tested. 
Of these, 35 exconjugants gave both sets of descendants of sex I, 70 yielded 
one set of sex I, the other of sex II and 34 gave both sets of sex II. The 
ratio for the three types of distribution is therefore 1:2:1. 

For 56 pairs, the two sets produced by each exconjugant were tested, 
giving thus four sets for each pair. Of the 56 pairs, but one had all four 
sets of type I. Eighteen gave three sets of type I, one set of type II. 
Twenty-one gave two of typeI, twooftypeII. Thirteen gave one of type I, 
three of type II and three gave all four sets of type II. These ratios 
1:18:21:13:3 are fairly close to a 1:4:6:4:1 distribution (for perfect agree- 
ment 56 pairs would have given 3.5:14:21:14:3.5). 

These ratios show that the distribution of sexes among the products of 
the first fission of exconjugants is a strictly chance one. There is no greater 
~ tendency for the two sets of individuals from a single exconjugant, or for 
the four from a pair, to be alike in sex than for any two or four taken at 
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random. The two parents are of course of different sex; their four sets of 
progeny consist of the two sexes in chance combinations. The ratios are 
identical with those for inheritance in higher organisms, in which the 
characteristics are dependent on genes in the chromosomes. 

(c) Endomixis. At endomixis, as at conjugation, sex differentiation oc- 
curs. The individual of a given sex that undergoes endomixis produces 
descendants that may be of either sex, or part of them of one sex, part of 
the other. That is, some give rise to progeny all of which are of the same 
sex as before endomixis; others give rise to progeny all of which are of the 
sex opposite to the one existing before endomixis; the rest give rise to one 
line of descent of sex I and one line of descent of sex II. In this last case, 
the separation into the two different lines of descent occurs at an early 
fission after the climax of endomixis, probably the first. The exact fission 
av which this separation occurs and the proportions of endomictic individu- 
als showing each of the three types of relations just set forth are now un- 
der investigation in this laboratory. Maintenance of sex, change of sex 
and segregation into two sex types occur at every endomictic period and 
in every one of the many clones of this race thus far investigated. At- 
tempts to obtain “pure’’ lines which do not change sex at endomixis, by 
selecting after each of five successive endomixes individuals of the same 
sex as existed before endomixis have failed; both the selected line of 
sex I and the selected line of sex II continue to produce both sexes at 
endomixis. 

Sex Determination.—It is evident that the method of inheritance above 
described indicates that sex determination is nuclear, as in most other 
organisms. That the macronucleus rather than the micronucleus is dif- 
ferentiated as to sex appears probable, since studies of amacronucleate and 
amicronucleate ciliates indicate that the macronucleus controls the physio- 
logical processes of the organism. Moreover, at endomixis and conjuga- 
tion the macronucleus disappears, and at these times the sex reactivity is 
lost. Two new macronuclei’ are then formed from the micronuclei in each 
exconjugant and in each endomictic individual and two sexually different 
lines of descent may develop from such individuals. These two macro- 
nuclei are distributed to the two products of the first fission; sex likewise 
may segregate at the first but not at a later fission after conjugation, and 
possibly also after endomixis. Thus, all individuals that contain descen- 
dants of one macronucleus are of the same sex. 

The ratios in which the two types of macronuclei appear indicate that 
the difference between them involves but one pair of chromosomes. How 
these chromosomes are disposed cannot yet be demonstrated, but a few 
of the more probable possibilities may be briefly pointed out. 

(1) The two sex chromosomes may be alike, but macronuclei of one sex 
may contain two of them while macronuclei of the other sex contain but 
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one. This could be brought about by the loss of one sex chromosome in 
the development of half the macronuclei. In this case, all micronuclei 
would be homozygous for sex. 

(2) The two sex chromosomes may differ, one member of the pair oc- 
curring in macronuclei of one sex, the other member in macronuclei of the 
other sex. The macronuclei would thus be haploid with respect to the sex 
chromosomes. If so, the micronuclei (known to be diploid in other cili- 
ates) must be heterozygous for sex. This heterozygous condition may be 
maintained in either of two ways, depending upon when segregation of the 
sex chromosomes occurs during conjugation: (a) Segregation of the sex 
chromosomes at the third maturation division. This would result in dif- 
ferent sex chromosomes in the two pronuclei formed in each conjugant. 
If the pronucleus that contains a particular one of these chromosomes 
regularly transforms into the migratory pronucleus, the heterozygous con- 
dition will be perpetuated. (b) Segregation of the sex chromosomes at the 
first or second maturation division. This would result in four haploid 
nuclei with one sex chromosome and four with the other one. Of these 
eight, only one persists to form the pronuclei. If the one that persists al- 
ways contains the same sex chromosome as that in the macronucleus (or 
if the other one regularly persists), then the two pronuclei in one conjugant 
of each pair must contain one sex chromosome, and the two pronuclei in 
the other conjugant would contain the other sex chromosome. Hetero- 
zygosity of the micronuclei would thus be maintained. 

A decision among the possible chromosome mechanisms must await a 
fuller knowledge of the cytology and genetics of conjugation and endomixis. 

General.—The foregoing account presents the situation in the single race 
S of Paramecium aurelia. Examination of other races of this species indi- 
cates that the situation differs in a marked way in different races. Four 
other races have been examined in comparison with race S. In three of 
these—Woodruff’s long-lived Yale race, and two races from different locali- 
ties in Maryland—the organisms do not form clusters or conjugate when 
mixed with either sex of race S. In a fourth, the race R, reported on in 
numerous contributions from this laboratory, there appears to be differen- 
tiation into the same two sexes as in race S, but conjugation nevertheless 
occurs among the descendants of products of the first fission soon 
after conjugation or endomixis, as set forth by Sonneborn.' Further study 
of this race is now in progress. 

A number of points in Protozoan literature are touched by the results 
here set forth; a few of these may be briefly mentioned. 

(1) The idea that sex differentiation in such ciliates as Paramecium is 

confined to the two pronuclei formed at conjugation obviously does not 
’ hold for stocks S and R of P. aurelia in which the individuals themselves 
are sexually differentiated. 
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(2) The Chattons? and Zweibaum* have maintained that conjugation 
is entirely determined by environmental conditions. Others (Sonneborn 
and Cohen‘ and Sonneborn and Lynch*) have shown that genetic factors 
are also involved. The present results show the overwhelming importance 
of genetic factors in some stocks. 

(3) Calkins and Gregory® long ago attempted to show that the de- 
scendants of the four products of the first two fissions after conjugation in 
P. caudatum (where four instead of two macronuclei are formed in each 
exconjugant) were genetically diverse. The present work confirms this 
principle in a striking way. 

It may perhaps be said that with the present work the genetics of Para- 
mecium enters the quantitative and predictable stage, with tools and 
methods of analysis which should lead rapidly into a systematic, coherent 
body of knowledge in close touch with the rest of genetic science. 


1 Sonneborn, T. M., Genetics, 21, 503-514 (1936). 

2 Chatton, E., and M. Chatton, C. R. Acad. Sci. (Paris), 193, 206-209 (1931). 

3 Zweibaum, J., Arch. Protistenk., 26, 275-393 (1912). 

4 Sonneborn, T. M., and B. M. Cohen, Genetics, 21, 515-518 (1936). 

5 Sonneborn, T. M., and R. S. Lynch, Genetics, 22, 284-296 (1937). 

6 Calkins, G. N., and L. H. Gregory, Jour. Exptl. Zoél., 15, 467-525 (1913). 

7 Further work has shown that in a small proportion of the exconjugants sex may 
segregate at the second fission after conjugation; and this has been correlated with the 
fact that in a similar proportion of the exconjugants three or four instead of two 
macronuclei are formed. 


THIAZOLE AND THE GROWTH OF EXCISED TOMATO ROOTS 
By WILLIAM J. ROBBINS AND Mary A. BARTLEY 
DEPARTMENT OF BOTANY, UNIVERSITY OF MISSOURI 


Communicated May 27, 1937 


We have reported earlier! that excised tomato roots do not grow in a 
nutrient solution of mineral salts and pure cane sugar. They grow 
satisfactorily, however, in the same solution to which dried brewer’s 
yeast isadded. We have found that the substitution of crystalline vitamin 
B, for the yeast permits growth to occur and we have grown excised tomato 
roots in a nutrient solution consisting of mineral salts, cane sugar and crys- 
talline vitamin B, for over seven months through seven subcultures. It 
appears that unlimited growth of excised tomato roots is possible in this 
medium. We have, therefore, been able to define more exactly the nu- 
trient requirements of tomato roots by substituting for the numerous and 
varied constituents of brewer’s yeast a single definite chemical compound, 
namely vitamin B,, and thus to prepare a synthetic solution of known con- 
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stituents which is adequate for their growth. Bonner? has reported that 
a solution of mineral salts, cane sugar and vitamin B, is adequate for 
the growth of excised roots of pea. Previously Schopfer* had found 
vitamin B, essential for the growth of Phycomyces Blakesleeanus. Our re- 
sults demonstrate that a medium containing mineral salts and pure cane 
sugar is inadequate for the growth of excised tomato roots, while one of 
mineral salts, cane sugar and crystalline vitamin B, is adequate. 

We have been interested in determining whether vitamin B,, as such, is 
essential for the growth of excised tomato roots or whether other chemical 
compounds might replace it. There is some indirect evidence from our 
experiments that this is a possibility. For example, we have found that 
dried brewer’s yeast which has been heated in solution for 12 hours at 120°C. 
at pH 9.0 does not lose its potency as a constituent of the nutrient 
medium for excised tomato roots. Since vitamin B, is destroyed by high 
temperatures in an alkaline medium, the above result is taken to indicate, 
either that the vitamin was not entirely destroyed by the treatment and the 
small amount which remained after the heating was adequate for the growth 
of the roots, or that some constituent of yeast which is heat stable in alka- 
line solution is as effective or nearly as effective as vitamin B, in permitting 
growth. Furthermore, we have found the effective material in brewer’s 
yeast to be soluble in water and in 80% alcohol, but extracts of yeast made 
with absolute alcohol have not proved, ia our experiments, as beneficial as 
the 80% alcoholic extracts. Vitamin B, is soluble in absolute alcohol and 
it was our expectation that if this vitamin were the effective material in 
brewer’s yeast it would be extracted with absolute alcohol. It is possible 
that vitamin B, is the effective material in yeast and that a satisfactory 
explanation may eventually be found for the observations given above 
which are not in accord with that assumption. However, because of these 
observations and the hope that substitutes for B, might elucidate its func- 
tion, we have searched for a compound which would replace the vitamin 
in a synthetic medium adequate for the growth of excised tomato roots. 

The following substances or combination of substances were not found 
in our experiments to replace vitamin B, in a solution adequate for the 
growth of excised tomato roots: vitamin G or B, (lactoflavine), cysteine 
hydrochloride, pantothenic acid, indole-3-acetic acid, inositol, urea, aspara- 
gin, yeast ash, zinc and boron salts, Hoagland’s A to Z mixture containing 
salts of lithium, copper, zinc, boron, aluminum, tin, manganese, nickel, 
cobalt, titanium, iodine and bromine. It is possible that one or more of 
these substances might be effective at other concentrations and under 
other conditions than those we have used. Gautheret® found cysteine 
hydrochloride beneficial to the growth of excised corn roots. However, the 
~ results of our experiments did not encourage us to believe that any of the 
above would take the place of vitamin B. 
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Williams and Cline® synthesized vitamin B, by combining 2-methyl-5- 
bromo-methy]-6-aminopyrimidine with 4-methyl-5-8-hydroxyethylthiazole. 
The question as to whether either of these intermediates could replace the 
vitamin for the growth of tomato roots is a natural one. Through the 
courtesy of Dr. Williams and of Merck and Company, samples of 2-methyl- 
5-bromomethyl-6-aminopyrimidine, 2-methyl-5-ethyoxymethy]-6-amino- 
pyrimidine and 4-methyl-5-8-hydroxyethylthiazole were secured. These 
compounds were added at a concentration of 0.1 y per cc. to a nutrient 
solution containing minera] salts and pure cane sugar with the following 
results: z 

The excised tomato roots did not grow in the solutions containing the 
pyrimidines; growth occurred in the presence of the thiazole and in solu- 
tions containing a mixture of the thiazole and either of the pyrimidines. 
Subcultures of the roots which had grown in the solution containing mineral 
salts, cane sugar and thiazole grew in a solution of the same composition. 
These results indicate that 4-methyl-5-8-hydroxyethylthiazole will replace 
vitamin B, in the growth of excised tomato roots. Since the roots grew in 
the solutions containing a mixture of the pyrimidine and the thiazole it is 
evident that failure of growth in the solutions containing pyrimidine but no 
thiazole is not the result of the toxicity of the pyrimidine. We have not 
yet determined whether the thiazole is as effective as the vitamin nor have 
we carried tomato roots through a series of subcultures in a medium con- 
sisting of mineral salts, cane sugar and thiazole as we have in the same 
medium containing crystalline vitamin B, instead of thiazole. It appears, 
however, that 4-methy1-5-8-hydroxyethylthiazole will replace vitamin B, 
in a synthetic liquid medium for the growth of excised tomato roots; and 
that the thiazole but not the pyrimidine radical of the vitamin is effective in 
permitting growth of these roots in a synthetic medium. These findings do 
not explain the original observation on the apparent relative insolubility in 
absolute alcohol of the growth-promoting factor or factors in yeast. The 
thiazole is soluble in absolute alcohol. They would lead us to modify our 
original statement! that the parasitic relationship of the tomato root to the 
top involves both carbohydrate and vitamin B;. It appears now that this 
relationship inyolves carbohydrate and the thiazole radical of vitamin B}. 

Does the thiazole actually replace vitamin B, in the metabolism of the 
tomato root or does the root produce sufficient of the necessary pyrimidine 
to permit synthesis of the vitamin when the thiazole is supplied? How 
does the thiazole function and will other compounds be found which will 
replace the thiazole or vitamin B,? These questions we are not prepared to 
answer at the present time. 


1 William J. Robbins and Mary A. Bartley, Sct., 85, 246-247 (1937). 
2 James Bonner, Sct., 85, 183-184 (1937). 
3 W. H. Schopfer, Ber. Deutsch. Bot. Gesell., 52, 308-313 (1934). 
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4 Since the preparation of this manuscript Williams has called our attention to the 
fact that vitamin B, is sparingly soluble in absolute alcohol and is not extracted from 
yeast and foodstuffs by this solvent unless an excess of mineral acid is present. This 
explains our failure to secure a beneficial effect with extracts of yeast made with ab- 


solute alcohol. 
5 R. Gautheret, Compt. Rend. Acad. Sci. Paris, 197, 85-87 (1934). 
6 R. R. Williams and J. K. Cline, Jour. Am. Chem. Soc., 58, 1504-1505 (1936). 


PYRIMIDINE AND THIAZOLE INTERMEDIATES AS 
SUBSTITUTES FOR VITAMIN B, 


By WILLIAM J. Roppsins, Mary A. Bartley, A. G. HOGAN AND L. R. 
RICHARDSON 


DEPARTMENTS OF BOTANY AND AGRICULTURAL CHEMISTRY, UNIVERSITY OF MISSOURI 


Communicated June 3, 1937 


In studying the nutrient requirements of excised tomato roots two of 
the authors (Robbins and Bartley) have found that the roots do not grow 
in a liquid medium containing mineral salts and pure cane sugar but grow 
in the same medium to which a small amount of crystalline vitamin B, 
has been added.!. They have found, further, that 4-methyl-5-6-hydroxy- 
ethylthiazole will replace vitamin B, in a synthetic liquid medium for the 
growth of excised tomato roots but that 2-methyl-5-bromomethyl-6- 
aminopyrimidine is not effective.? Williams and Cline*® synthesized vita- 
min B,; by combining these two compounds. It appears from these re- 
sults that the thiazole radical of the vitamin is the effective agent so far 
as the growth of tomato roots is concerned. 

If thiazole can be substituted for vitamin B, in a nutrient medium suit- 
able for the growth of tomato roots, can it be used to replace vitamin B, 
for other organisms? 

Our results indicate that neither the thiazole nor the brompyrimidine 
relieve vitamin B, deficiency in pigeons, but that sufficient quantities of 
the pyrimidine and the thiazole given together by mouth are effective. 
The pyrimidine and the thiazole used in these experiments were secured 
through the courtesy of R. R. Williams and of Merck and Company. 
The pigeons used were maintained on ration No. 1669 containing sucrose, 
casein (treated with alcohol), the Osborne and Mendel salt mixture, cellu- 
flour and cod liver oil until they showed symptoms of polyneuritis, at which 
time they were given the thiazole or pyrimidine in capsules by mouth. 
Our results follow. 

Pigeon No. 1602. Showed definite signs of polyneuritis. Given 100 
gamma of thiazole. Little or no improvement noted the next day. Given 
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100 gamma of thiazole. Little or no improvement noted during next two 
days. Given 100 gamma of thiazole. On the following day violent symp- 
toms of polyneuritis developed. Given 10 mgm. of thiazole. No im- 
provement on the following day. Given 20 gamma vitamin B, crystals. 
Complete recovery. 

Pigeon No. 1583. Showed violent symptoms of polyneuritis. Given 
10 mgm. thiazole and 10 mgm. of brompyrimidine in afternoon. Recovery 
noted next day. Additional dose 1 + mgm. of thiazole and pyrimidine 
given. Still normal at end of 11 days. 

Pigeon No. 1542. Developed violent polyneuritis. Given 100 gamma 
of brompyrimidine and 100 gamma of thiazole. No improvement next 
morning. Given 5 mgm. of each. Normal when examined seven hours 
later. Still normal after 11 days. 

Pigeon No. 1503. Developed violent symptoms of polyneuritis. Given 
100 gamma brompyrimidine. Later in the day symptoms still violent. 
Given 10 mgm. of the brompyrimidine. The following day still showed 
violent symptoms; given 10 mgm. thiazole. Condition very bad next 
morning. Given 5 mgm. brompyrimidine and 5 mgm. thiazole. Recov- 
ery by afternoon and still normal after 10 days. 

While the number of pigeons available for experiment thus far has been 
limited our results strongly suggest that polyneuritis in pigeons may be 
cured by doses of 5 milligrams each of 2-methyl-5-bromomethyl-6-amino- 
pyrimidine and 4-methyl-5-6-hydroxyethylthiazole, the two intermediates 
used by Williams and Cline in synthesizing vitamin B;. It would appear 
that a dose of 0.1 mgm. of each of these two compounds is insufficient; 
and further that the curative action does not occur if the two compounds 
are given separately, 24 hours apart. 

Our results suggest that vitamin B, is synthesized from the two inter- 
mediates, either in the crop or in the tissues. In reply to the inquiry as 
to whether the thiazole and pyrimidine would react at room temperature 
in acid solution Williams‘ states: ‘Theoretically one would expect such a 
combination of the pyrimidine and the thiazole to occur, though perhaps 
at a very slow rate unless catalyzed. We have not succeeded in demon- 
strating such a synthesis im vitro but think it not at all unlikely, especially 
in vivo. 


1 William J. Robbins and Mary A. Bartley, Science, 85, 246-247 (1937). 

2 William J. Robbins and Mary A. Bartley, Proc. Nat. Acad. Sci., 23, 385-388 (1937). 
3R. R. Williams and J. K. Cline, Jour. Am. Chem. Soc., 58, 1504-1505 (1936). 

4 Letter from R. R. W. to W. J. R. 
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THE STRUCTURE OF LANGMUIR-BLODGETT FILMS OF 
STEARIC ACID 


By L. H. GERMER AND K. H. StTorKs 
BELL TELEPHONE LABORATORIES, NEW YorK, N. Y. 


Read before the Academy April 27, 1937 


Ina recent note! we described an attempt to determine by electron diffrac- 
tion the structure of multiple compressed layers of stearic acid and of 
mixed barium and copper stearates. The films upon which these experi- 
ments were made had been removed from the glass slides upon which they 
had been formed and had been mounted across narrow slits, so that a beam 
of electrons could be sent through them. We were unable to understand 
the diffraction patterns which we obtained. 

We have more recently prepared multiple layers of stearic acid upon a 
metal block and have scattered electrons from this prepared surface at a 
small glancing angle. The diffraction patterns obtained in this manner 
are relatively simple and can be interpreted easily. It now seems prob- 
able that the mechanical treatment which the earlier films received pro- 
duced severe strains and materially changed the molecular arrangement. 

Preparation of Films.—One part of Eastman’s stearic acid was dissolved 
in about 500 parts of benzene, and a few drops of this solution placed on a 
tray of distilled water, adjusted to pH<3 with HCl. After evaporation 
of the benzene the resulting mono-molecular layer of stearic acid was 
compressed by a “‘piston’”’ of oleic acid.2 A carefully cleaned block of 
chromium-plated nickel was dipped repeatedly through this compressed 
layer. On the first immersion the metal was wetted by the water and no 
acid was deposited upon it. When the block was withdrawn a single layer 
of acid adhered to its surface, and on subsequent immersions a layer was 
added each time the block passed into the water or was withdrawn 
from it. 

Precautions were taken to insure that the multiple film built up in this 
way should consist of stearic acid (see loc. cit. 2). Convincing proof of its 
composition is furnished by the diffraction patterns which were obtained. 
These determine a structure which is in quantitative agreement with that 
found for crystals of stearic acid produced under conditions which rule out 
the likelihood of any appreciable contamination. 

Diffraction Patterns by the Reflection Method.—The diffraction patterns 
of figures 1 and 2 were produced by electrons scattered at small glancing 
angles from films made in the manner just described. The block from 
which the pattern of figure 1 was obtained was mounted in the diffraction 
camera with the same orientation it had when the stearic acid layers were 
formed by dipping through the mono-molecular layer; the dipping direc- 
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Figure 1. Electron diffraction pattern 
from 15 molecular layers of stearic acid. The 
supporting metal block mounted in the 
camera with same orientation as when dipped 
into the water—primary beam direction thus 
normal to direction of dipping (A = 0.070 A). 





Figure 2. Diffraction pattern 
from 15 molecular layers of stearic 
acid. Primary beam direction 
parallel to direction of dipping 
(X = 0.070 A). 
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Figure 5. Diffraction patterns from 24 layers of stearic acid. Direction of dip- 
ping downward. Primary beam normal to the plane of the layers (A = 0.070 A). 


Figure 4. Slit 
used as support in 
transmission experi- 
ments. 





Figure 6. Pattern from a single crystal of 
stearic acid, for comparison with figure 5. 
Primary beam approximately normal to plane 
containing the a and b axes (A = 0.051 A). 
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tion was downward, as this figure is reproduced here. The block pro- 
ducing the pattern of figure 2 was rotated to bring the dipping direction 
along the direction of the primary beam. 

The patterns of these two figures are made up predominantly of straight 
lines all of which lie normal to the surface of the stearic acid film. Each of 
these undoubtedly represents unresolved reflections from many crystal 
planes; we conclude at once that important crystal planes, which are very 
widely spaced, lie parallel to the film surface. The sharpness of the vari- 
ous lines indicates, moreover, that we are dealing with well formed crystals. 

It is appropriate to think of each of these patterns as the intersection with 
the plane of the paper of superimposed reciprocal lattices of individual 
crystallites; the plane of the paper can properly represent a portion of the 
sphere of reflection because the dimensions of the unit cell turn out to be 
of the order of a hundred times greater than the electron wave-length. 
As far as we can judge from these patterns the reciprocal lattice of each crys- 
tal consists of a family of straight lines normal to the supporting metal 
surface; points of the lattices are evidently so close together along direc- 
tions normal to the surface that they appear to form continuous lines. 
Distances of these lattice lines from the origin are directly proportional to 
separations of the various diffraction lines in figures 1 and 2 from the center 
lines. Separations measured on these figures are given in the first four 
columns of table 1. In figure 3 are drawn concentric circles having these 
separations as radii. We are faced with the problem of placing upon 
these circles a set of points forming a two-dimensional net; this net will 
represent the intersection of the reciprocal lattice lines of a single stearic 
acid crystal with the plane of the supporting surface. | 

In the second column of table 1 we note that the first, fourth and ninth 
values stand to one another in the ratios of 1 to2to3. They are evidently 
the first three orders of a single lattice line; the third order is missing in 
the data of the first column. We therefore plot points on the correspond- 
ing circles along a common radius vector. (This is the vertical line 
through the origin in figure 3.) There are also two “‘pairs’’ of values in the 
second column, and one pair in the fourth. These correspond to the first 
two orders of other spacings, to be plotted along three other radii. The 
data seem adequate to establish the complete arrangement of points shown 
in figure 3. Points corresponding to measurements in the first column of 
table 1 are contained in the upper area shaded by continuous lines, and 
those corresponding to measurements in the second column in the lower 
area. Values in the third and fourth columns are represented by points 
in the areas shaded by broken lines, at the right and left, respectively. 

For the diffraction patterns of figures 1 and 2 we can think of the sphere 
of reflection as intersecting the plane of figure 3 respectively along the 
vertical line through the origin, and along the horizontal line; the patterns 
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correspond then to rotations of the reciprocal lattice about the normal to 
the plane of figure 3 through angles of about 60° either side of the mean 
position shown in this figure. The heavy arrow will then represent the 
direction of dipping the metal block into the water tray during the for- 
mation of the film. Lines from the origin bounding the appropriate 
shaded areas represent the range of orientations of the stearic acid crystals 
with respect to the primary beam when the latter is normal to the direc- 
tion of dipping (figure 1) and when it is parallel (figure 2). We have, how- 


TABLE 1 


MEASURED SEPARATIONS OF HORIZONTAL LINES FROM CENTER LINE 


FIGURE 1 FIGURE 2 

ABOVE BELOW ABOVE BELOW CALCULATED 
CENTER LINE CENTER LINE CENTER LINE CENTER LINE h k SEPARATIONS 
i. 0 2.9 mm. 

5.3 mm. 5.5 mm. ae | 5.5 

5.8 mm. 5.8 mm. 0 5.8 

6.3 6.3 ie | 6.2 

8.0 8.0 7.9 7.9 is | 8.0 

3 0 8.7 

10.3 10.3 10.3 10.3 3 1 10.3 

0 2 10.9 

11.2 11.2 , 11.3 

tg eg 4 0 11.6 

12.4 2 2 12.4 

12.9 12.9 4 1 12.8 

14.0 3 2 14.0 

5 0 14.5 

15.5 15.6 5 1 15.5 

15.9 4 2 16.0 

0 3 16.4 

: 16.7 

2 3 17.4 

17.3 6 0 17.4 

5 2 18.2 

melas 6+ 433 

3 3 18.6 

20.5 6 2 20.6 


ever, no direct evidence for the mirror symmetry of the upper and lower 
shaded areas about a vertical line, or for the symmetry of the other two 
shaded areas about a horizontal line. Indirect evidence for this symmetry 
is afforded by the close similarity between the upper and lower halves of 
the pattern of figure 2, represented in figure 3 by the shaded areas at the 
right and left. 

Two of the coérdinate planes of the reciprocal lattice can be chosen 
“normal to the plane of figure 3 and parallel respectively to horizontal and 
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vertical lines of this figure. Spacings of d.draction lines corresponding to 
planes of these two types are respectively R, = 2.9 mm. and R, = 
5.4mm. The axes of the true crystal, which are normal to these two sets of 
planes, lie at right angles to each other in the plane of the surface. The 
lengths of edges of the unit cell parallel to these axes, d = a andd = 3, are 
obtained from the above spacings by the use of the Bragg formula. For 
the small diffraction angles with which we are concerned this can be writ- 
ten Rd = Li, where L is the distance from specimen to photographic plate 
and \ is the electron wave-length. The value of the constant ZX for 
the voltage used in these experiments was determined to be 2.73 X 10~° 
mm.” by calibration against a foil of metallic silver. The lengths of the 
two edges are then respectively a = (2.73 X 10-*/2.9)mm. = 9.4 A and 
b = (2.73 X 10-*/5.4)mm. = 5.1 A. More precise measurements upon 
single crystals of stearic acid* by the transmission method have yielded 
the values a = 9.4 A, b = 5.0 A. Figure 3 has been constructed assuming 
these values. In the last column of table 1 are given calculated values 
of the radii of the circles, obtained from the relation, 


h 2 k - i. 
R = (2.73 X 10-8) een + ext) | mm. 


These are in excellent agreement with measured separations of the first 
four columns. 

Although we cannot clearly resolve the sharp lines of figures 1 and 2 into 
their component spots, there are along the center line in figure 2 three 
poorly determined spots which are separated by distances of about 1.4 mm. 
This corresponds to a spacing c sin B = 20 A. We believe that these spots 
are reflections of the form (00/) of consecutive even or odd orders. 

An important feature of figure 1, which is exhibited clearly in figure 3 
and in table 1, is the absence of all those reflections which correspond to 
h =1, k = 0,and also toh = 3, 8 =0, and toh = 5,k =0. Stated con- 
cisely, no reflections corresponding to (h0/) are present when h is odd. 

Another feature of figure 1 is the manner in which intensity changes along 
the various diffraction lines lying normal to the supporting surface. The 
positions of maximum intensity lie along bands which are inclined by 
about 57° to the normal to the specimen surface. These bands corre- 
spond to long molecules, the axes of which lie in an azimuth normal to the 
plane of incidence and are inclined by this angle to the specimen surface, 
with the angle of tilt downward. The separation between adjacent bands 
is 11 mm. Dividing the constant LA = 2.73 X 10~* mm.? by this value 
yields 2.5 A as the spacing between adjacent atoms along lines parallel to 
the axes of the long molecules. This value is very close to 2.52 A, the 
spacing between carbon atoms in the planar zigzag chains in diamond mea- 
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sured between adjacent atoms along a direction parallel to the axis of a 
chain, and to the corresponding spacing in various aliphatic compounds.°® 
Observation of this spacing seems to us adequate proof that the carbon 
atoms in these stearic acid crystals are arranged in zigzag planar chains. 
The fairly good definition of the inclined bands proves that the axes of 
these chains are nearly, if not accurately, parallel to each other. It is in- 
teresting and important to note that, for the mean orientation of the crys- 
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FIGURE 3 
Cross-section of the stearic acid reciprocal lattice. 


tals, this direction is inclined downward toward the water surface from the 
plane of the supporting block. This confirms a conclusion of Clark and 
Leppla.® 

Relative intensities of the diffraction lines of figures 1 and 2 are deter- 
mined by the law of distribution of the crystals about the mean orienta- 
_ tion. On account of lack of information regarding the structure factor of a 
single stearic acid crystal it has, however, seemed unwise to attempt to 
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draw any quantitative conclusions regarding this distribution from esti- 
mates of relative intensities. 

The most natural choice of the crystallographic c-axis must place it 
nearly,’ if not precisely, parallel to the axes of the long hydrocarbon chains. 
If it is accurately parallel to them, that part of the geometrical structure 
factor corresponding to carbon atoms will contain as a factor the term 
sin (9xls/c)/sin (ls/c), where s represents the spacing 2.5 A between car- 
bon atoms and c the length of the edge of the unit cell parallel to the c- 
axis. The major maxima of this function correspond to positions lying on 
the various diffuse bands of figure 1; these are represented by / = cn/s 
where n = 1, 2, 3 and 4, respectively, for these bands. Thus the centers 
of the bands correspond to the values of / given by this expression; each 
band represents a particular value of /. These values will be known when 
the length of the edge of the unit cell parallel to the c-axis is determined. 

We have thus far been able to determine lengths of two edges of the 
unit cell which are normal to each other in the crystals of these built-up 
films. A very long axis is inclined to the plane of these two and is approxi- 
mately normal to the shorter of them. The values which we have obtained 
are 


a=94A 
b=50A 
B = 57° 


The unit cell has the form of a crystal of the monoclinic system, although 
the monoclinic angle may possibly differ somewhat. from the 57° angle 
which we determine (see loc. cit. 7). That the crystal possesses true 
monoclinic symmetry is proved by the fact that reflections of the form 
(hOl) appear only when his even. It can be shown that these exclusions, 
together with the fact that reflections occur for which the sums (h + k) 
are not even (see table 1), determine the existence of a mirror glide plane 
normal to the b-axis with the glide direction parallel to the a-axis. The 
space group, as described by its Hermann-Mauguin symbol, is either Pa, 
P2/a or P2;/a. We cannot easily go further in a crystal structure deter- 
mination without experimentation upon single crystals. We are engaged 
in such studies at the present time. 

It is interesting to point out that the constants given above are not in 
agreement with those of the only form of stearic acid for which lengths of 
edges of the unit cell have been determined.* Thibaud and Dupré la 
Tour have found, however, a = 9.41 A, b = 5.00 A, ¢ sin B = 35.6 A for 
a form of palmitic acid which they describe as the alpha modification. 
For the corresponding modification of stearic acid they, as well as others,° 
have obtained c sin 8 = 40 A, although lengths of a and b have not been 
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found. If we divide 40 A by sin 57° we obtain c = 48 A which is a thor- 
oughly reasonable value for our crystals. From these facts we feel justi- 
fied in identifying the stearic acid crystals produced by the Langmuir- 
Blodgett technique as the modification described by Thibaud and Dupré 
la Tour as the alpha form and by Francis, Piper and Malkin as the c form. 

Diffraction Patterns by the Transmission Method.—The above experi- 
ments have been supplemented, and the conclusions confirmed, by a 
slightly different method of experimentation. Built-up films of stearic 
acid have been formed upon a very thin and transparent backing foil, and 
diffraction patterns obtained by the transmission method. These have 
been compared with patterns produced by single crystals of stearic acid. 

Figure 4 is a photograph of a narrow slit formed by two knife edges of 
nickel. Across the slit was spread a foil of ‘‘rezoglas’’!° having a thickness 
of about 150 A. It was then dipped 12 times through a compressed mono- 
molecular layer of stearic acid on water. The rezoglas foil was not wetted 
when it moved into the water the first time, and 24 layers of stearic acid 
were formed upon the front face by these dippings. A large drop of water 
adhered to the rear of the knife edges, and no acid was deposited upon this 
side of the foil, or at most only one layer. 

Diffraction patterns formed by electrons which have passed normally 
through these built-up layers are reproduced in figures 5-A and 5-B. These 
patterns were obtained from different portions of the same built-up film. 
The direction of dipping was downward as these photographs are repro- 
duced here. 

For comparison with figure 5 a diffraction pattern from a single crystal of 
stearic acid is reproduced in figure 6. This crystal was adjusted to make 
the primary beam direction nearly normal to the plane of the a and b 
axes. The best determinations of the lengths of these edges, from pat- 
terns like that of figure 6, are the values 9.4 A and 5.0 A, which were used 
in calculating the last column of table 1 and in figure 3. In figure 6 the 
absence of reflections corresponding to k = 0 and h odd is very noticeable. 

The patterns of figure 5 are sufficiently like that of figure 6 to establish 
that both are produced by crystals which have the same a and b axes nor- 
mal one to the other. The patterns of figure 5 are evidently due to very 
imperfect crystals, and in each there are continuous rings due to a few 
crystals oriented at random about the norinal to the plane of the a and b 
axes. In figure 5-A the mean orientation corresponds to an inclination of 
the a-axis by about 15° to the direction of dipping, and in figure 5-B the 
mean orientation corresponds to parallelism of the a-axis and the dipping 
direction. We cannot tell from these photographs whether the c-axis as 
it extends outward from the supporting rezoglas film is inclined down- 
~ ward or upward with respect to the plane of the stearic acid layer on the 
water surface. The transmission results are to this extent ambiguous, 
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but as far as they go they confirm the more informative tests made by the 
reflection method. 

Microscopic examination of the rezoglas film covered by stearic acid 
layers disclosed a circumstance which must have contributed greatly to 
the crystal imperfection of these layers. The film appeared to have cor- 
rugated waves in it, resembling a wash-board. 

Proposed Extensions of This Work.—The simplicity of the present ex- 
periments leads us to believe that the same methods should be effective in 
determining the structure of other built-up films. Films of various metal 
stearates could be produced and studied. Even more interesting would 
be an investigation of the structure of films which Miss Blodgett describes 
(loc. cit. 2) as built up of ‘‘non-alternating’’ layers, and names X-films. 
A further intriguing problem is the question as to whether or not layers 
consisting of other polymorphic forms of stearic acid can be bult up by 
changing the temperature or other experimental conditions. 

In any of these experiments it would be necessary to use extreme pre- 
cautions to avoid contamination of the films before they are removed from 
the water surface. The experiments described here have been fortunate 
in this regard; the identification of the crystal constants of the built-up 
films with those of crystals of pure stearic acid seems to rule out the likeli- 
hood of any significant contamination. In further experiments we shall 
probably not have a similar check on the composition of the films. 


1 Storks, K. H., and Germer, L. H., Phys. Rev., 50, 676 (October 1, 1936). 

2 Blodgett, K. B., Jour. Amer. Chem. Soc., 57, 1007-1022 (1935). 

3 This work is as yet unpublished. See, however, loc. cit. 1, figure 4, and Storks, 
K. H., and Germer, L. H., Jour. Chem. Phys., 5, 1381-134 (1937). 

4 Storks, K. H., and Germer, L. H., Jour. Chem. Phys., 5, 131-134 (1937). 

5 See, e.g., Miiller, A., Proc. Roy. Soc., Al14, 542-561 (1927). 

6 Clark, G. L., and Leppla, P. W., Jour. Amer. Chem. Soc., 58, 2199-2201 (1936). 

7 See, e.g., Miiller, A., Proc. Roy. Soc., A124, 317-321 (1929). 

8 Miiller, A., loc. cit. 5; Dupré la Tour, F., Thesis, University of Paris, 1932; Thi- 
baud, J., and Dupré la Tour, F., Jour. Chim. Phys., 29, 153-167 (1932). 
' 9 For example: Francis, F., Piper, S. H., and Malkin, T., Proc. Roy. Soc., A128, 
214-252 (1930). 

10 The material from which this foil was made was obtained from Advance Solvents 
and Chemical Corp., 245 Fifth Avenue, New York City. 
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A PECCARY SKULL FROM THE BARSTOW MIOCENE, 
CALIFORNIA 


By CHESTER STOCK 


BALCH GRADUATE SCHOOL OF THE GEOLOGICAL SCIENCES, CALIFORNIA INSTITUTE OF 
TECHNOLOGY * 


Communicated May 25, 1937 


Introduction.—In November, 1936, a group of students from the Webb 
School, Claremont, California, visited the fossil beds of the Barstow Mio- 
cene under the leadership of Mr. Raymond M. Alf. On this occasion 
William Webb had the good fortune to find the remains of a peccary skull 
and jaw to be described in this paper. The specimens were generously 
presented to the California Institute. 

It is a curious fact that peccaries of the Tertiary stage represented by the 
Barstow fauna are practically uuknown from the North American area. 
When J. C. Merriam published in 1919 the results of his comprehensive 
studies of the Tertiary faunas of the Mohave Desert,! the only specimen 
representing the peccary group available from the Barstow beds was an 
astragalus. The newly discovered material fortunately permits a much 
more satisfactory identification and furnishes the basis for an interesting 
comparison with the lower Miocene Desmathyus and the Pliocene Prosthen- 
nops. It is a pleasure to name this new type specifically for Mr. Childs 
Frick, who in recent years has conducted extensive paleontological ex- 
plorations in the Barstow deposits. 


Family Tayassuidae: Dyseohyus fricki, n. gen. and n. sp. 


Type Specimen.—No. 2039, Calif. Inst. Coll. Vert. Pale.,a fragmentary 
skull and lower jaw with C, deciduous and permanent upper premolars, 
M1 to M3, and P2-P4, M2 and 3 Plate 1. 

Locality and Age.—Green Hills, west of Barstow, California, and locally 
NW of Saucer Butte near Rainbow Canyon. Upper Miocene. 

Generic and Specific Characters——Rostral portion of skull slender and 
elongate; diastema between C and P2 similar in length to length of pre- 
molar series P2—P4 inclusive. Orbit situated not so far back as in Prosthen- 
nops crassigenis, but farther back than in Desmathyus siouxensis. Cranial 
length (as measured from level of posterior ends of third molars to posterior 
side of occipital condyles) similar to length of cheek-tooth series P2-M3 
inclusive. Palate extends behind M3 for a distance slightly greater than 
length of third molar. Dentition ‘ i, > - 

molar pattern, the premolars, particularly P4, are more advanced than in 


In stage of acquisition of 
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Desmathyus, less so than in Prosthennops. Crowns of molar teeth with 
inner cuspules and crenulations better developed than in Prosthennops. 
Lower premolars narrower and less molariform than in Prosthennops, re- 
sembling in their characters the comparable teeth in Desmathyus. P4 
with shorter heel than in latter genus. 

Description.—As judged by size and slenderness of skull, slenderness of 
canine and absence of pronounced development of canine buttress, No. 
2039 represents a female individual. It is likewise not fully adult as shown 
particularly by presence of milk teeth. Unfortunately the anterior end 
of the skull has been weathered away so that the number of incisor teeth 
cannot be determined. 

On the dorsal surface a sulcus curves forward from a supraorbital fora- 
men on each side of the frontal and is continued along the dorso-lateral 
border of the rostrum. Posteriorly, the two sulci are more widely sepa- 
rated than in D. siouxensis. The ventral border of the infraorbital foramen 
is near the alveolar border of the maxillary, while the posterior border of 
the foramen lies in front of a vertical line drawn up from the anterior end 
of M1. A lachrymal foramen is present and above it is a small lachrymal 
protuberance. The extent of the lachrymal bone on the face is distinctly 
less than in the skull of Percherus. The position of the orbit itself is 
farther forward than in Prosthennops crassigenis, but not so far forward 
as in Percherus and not quite so far as in Desmathyus siouxensis. Within 
the lower part of the orbit a horizontal swelling of the orbital wall can be 
seen. While the malar is shortened, there is no tendency to develop the 
large lateral protuberance seen in P. crassigenis. In comparing the type 
skulls of D. frickt and P. crassigenis, the latter difference is probably ac- 
centuated by the fact that the skulls represent animals of different sex and 
age. The shortening of that portion of the skull lying behind the tooth- 
rows, in relation to lengths measured in the region of the snout, can be 
expressed by utilizing the distance from the posterior level of the third 
upper molars to the posterior side of the occipital condyle. In No. 2039 
this distance is roughly equivalent to the length of the cheek-tooth series, 
P2-M3. In Percherus it is comparable to the distance from M3 to the 
anterior end of the canine, while in Desmathyus the same distance extends 
from-M3 to the posterior side of the canine. In the type of Prosthennops 
crassigents this distance reaches from M3 to a point situated well in advance 
of the premolar series yet considerably behind the canine. 

Unfortunately, the basicranial portion of the skull in No. 2039 is not 
particularly well preserved. A small part of the auditory bulla remains 
which in cross-section shows no evidence of cancellous tissue. The inner 
end of the glenoid fossa is separated from the outer wall of the bulla by a 
deep and well defined cleft. The articulating surface of the fossa forms 
a shallow concavity. The paroccipital process is situated in back and 
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slightly to the outer side of the outer wall of the bulla and in anteropos- 
terior line with the inner end of the glenoid fossa. The shortness of the 
basis cranii is again shown by the close approximation of the process to 
the fossa. A stylo-mastoid foramen can be discerned at the antero-inter- 
nal side of the paroccipital process. 

The palate extends well beyond the posterior level of the third molars, 
in which respect No. 2039 differs from Desmathyus and is more like Pros- 
thennops. In the type of P. crassigenis, however, the posterior extension 
of the palate reaches the level of the glenoid fossa and thus projects farther 
back than in Dyseohyus. The postpalatine foramina are on a level with 
the anterior ends of the first molars. A diastema of approximately 29 mm. 
separates the canine from D2. 

The canine is slender and more curved in its downward course than in 
the modern peccary. 

Dp2 was two-rooted, but the crown of this tooth is not preserved. Dp3 
is considerably worn so that the crown pattern is obliterated. This tooth 
is longer than wide and narrows slightly anteriorly. Dp4, in which the 
crown is less worn than in Dp3, resembles the anterior molar teeth in shape 
and in occlusal surface. 

A removal of the deciduous cheek-teeth of the right side and of small 
portions of the maxillary exposed the crowns of the three posterior pre- 
molars. These teeth show marked difference from the comparable teeth 
in Prosthennops and also present a progressive advance beyond the tooth 
crowns seen in Desmathyus. 

The crown of P2 consists of a single cusp along the inner base of which 
extends a cingulum. The posterior half of the cingulum, however, is con- 
siderably enlarged to form a postero-internal crest or lobe. 

P3 likewise possesses a single cusp and an inner cingulum. Not only 
is the tooth larger than P2, but the enlargement of the inner cingulum to 
form a pronounced crest extends in advance of the level of the summit of 
the principal cusp. 

In P4 the difference between the anteroposterior and transverse diameters 
is negligible. The tooth thus differs from P4 in Desmathyus in which the 
crown is elongate transversely. On the outer half of the crown is situated 
the principal cusp which is twinned with another cusp of slightly smaller 
size. The summits of these cusps are placed well in from the slightly 





PLATE 1 
Dyseohyus fricki, n. gen. and n. sp. 


Figures 1, la, 1b, type specimen, skull, No. 2039 Calif. Inst. Tech. Coll. Vert. Pale.; 
lateral, dorsal and ventral views, approx. X 3/s. 

Figure 2, enlarged occlusal view of P2—M1, approx. X §/;. 

Figures 3, 3a, parts of right ramus of No.. 2039, with P2—M3, dorsal view, approx. 
X °/;. Barstow Upper Miocene, California. 
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concave, outer edge of the crown. A well defined ledge or crest extends 
from the anterior side of the tooth around to and along the inner side. At 
its posterior end several crenulations of the enamel surface intervene 
between the inner shelf and the cingulum on the posterior side of the 
tooth. 


The upper permanent premolars are therefore not so advanced in the 
acquisition of the molar pattern as are the comparable teeth in Prosthen- 
nops. For the sake of comparison the premolars in the genotypic species, 
P. crassigenis, are unfortunately well worn. However, both P3 and P4 
appear to possess quadrate crowns and in allied species, referable to Pros- 
thennops, the premolars have progressed distinctly farther in acquiring a 
molar pattern than have these teeth in Dyseohyus. 


The molars are shorter crowned than in Prosthennops and cingulae 
are present on the anterior, outer and posterior sides of these teeth. Two 
pairs of cusps are present on each crown, but the individual cusps are not 
so distinct as in Prosthennops. Subsidiary crenulations of the enamel sur- 
face are particularly evident on the posterior half of M3. The length of 
the last upper molar is practically equivalent to the transverse diameter of 
this tooth, in which respect Dyseohyus is more like Desmathyus and differs 
from Prosthennops. 


The crowns of P2 and P3 are imperfectly preserved but appear to have 
been more simple in their construction than the comparable teeth in 
Prosthennops. In P4 the two anterior cusps are closely appressed, not 
wide apart as in Prosthennops. ‘The heel in this tooth is very short, shorter 
than in Desmathyus, and lacks the pair of cusps seen in the Pliocene 
peccary. 

Although M2 is not completely preserved, that portion of its crown which 
is present exhibits a transverse pair of cusps. On the median anteropos- 
terior axis both in front and in back of this pair is a small cusp or fold. 
M3 possesses two pairs of cusps and a heel. The enamel between the 
cusps shows numerous crenulations or a minor tuberculation and this 
character is seen likewise in the basin between the posterior pair of cusps 
and the crest of the heel. The length of M3, when measured on M2, reaches 
from the anterior end of that tooth to the crest of the heel. 


LEGEND FOR TEXT FIGURE 


Skulls of American Cenozoic peccaries; lateral views to same scale (approx. X 
2/5). Figure of Percherus reversed and after Pearson; figure of Desmathyus after 
Peterson; figure of Dyseohyus reversed; figure of Prosthennops after Gidley; figure 
of Platygonus reversed and after Gidley. 
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MEASUREMENTS (IN MILLIMETERS) OF PECCARY SKULL, No. 2039 

Length from anterior end of canine to middle of postnarial notch............. 1238 
Length from anterior end of canine to posterior face of occipital condyle...... 173 
Crete armenian MONO WUE IEC GOCIIOS, ooo. os are 5 sae ws a sicc ee viene esiee ees 96 
Deaut tremeverme Wiin DELWOET OTRIES. .. os ow on cet cee eect ewes 64 
Width of rostrum above posterior border of infraorbital foramina............. 43.8 
OE Ee 30.2 
DC | Sa er 21.6 
Length, anterior end of canine to posterior end of M8.....................4. 107.1 
Length of diastema between canine and alveolus for Dp2.................... 29.2 
Length of cheek-tooth series, anterior end of alveolus for Dp2 to posterior end of 

0 Sy eS AS Bee ORS ES) SSS aise sas area ine ees ore ae er 65.5 
Length of cheek-tooth series, anterior end of P2 to posterior end of M3....... 65.3 
ENNIS 505 2 5S oh ialeste SE Sw sinc. 5 Sw Sts ae me I Seite PSEA ou ereises A 38.3 
PIE ORL 9 oh cor hares igure ah p aie hao em we SRiss hase goatee aes 12.7 
PE RUN Oe Loto Sei cle bis a Wis'aw8.e sa Le OE ae Riek tenets 8.2 
a NI ERIN 5080s 505 ui 3h acs rac Gel) ass. lI SIS Ese Sa aah NS 8 
0S SS i aE RDN Sie Nery aS ere 10 
EUR oo cgi hale ole gp dm iste sis 6 OE Sys oS a ome RN pe | 
UMMM Cote si aces ise o wi o's lane iS ours se SbISA Big Wale le sisi es enale ead ols 10 
PEER te ne Nh ais aw oe ee a aha ot is ee wes Ae 9.5 
MEINE TA Bo os raising Salels nol Sicieis cia. Gale's s ZAM Gm nett Sloe wilebisiace 7 
IE MITIEMR 05535 aee he (ats Sonik Sk Spee Kis eeig eN moins Usp Eisele ose Bhs 5.8 
AS Se SS SRS AE eA Se ee Peer mash ets keri ery sre 8.4 
PREC REGS hee octiae (rien nh isis eine sewn bie saad Aes sane Mead tae os 8.2 
ERIN ENG 0K Site sta cro aie iiss tase aso stelele g Bhd Sos CA AInIE s/s ae ales eS 9.7 
SR p85 2 1s ER > aia he AISA ow v's.0' eM RS a SS oe aS sao 9.6 
Ie Gy sale pr ea ae Winnie) sR OAD So EAS Meee 11.8 
ER eee Pa Ag ncaa heh atc cm Sue, say'os. 20 40101 a STS PMD aa Tole ess 11.8 
Nr cre his Sawai plaee 2 eS) ais weds w OG ae WHS esas slaw aS MaRS 12.8 
MELA te chee cote e ea ER Oba CGS ols Seow bad WRG ES h eo oe ees 14.5 
Re a CECE RGR rh LN y is ew incaly eset nia Sit on en asa die w Ghaoidgee wae 13.8 
NENT a aL ao A is cris wie RC y oo bE na cele se oy ee poaik Cn eas 13.7 


* Contribution No. 230. 
11. C. Merriam, Univ. Calif. Publ. Bull. Dept. Geol., 11, 437a-585 (1919). 
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NOTE ON GALACTIC STRUCTURE: THE MILKY WAY FROM 
AQUILA TO CYGNUS 


By FREEMAN D. MILLER 
SWASEY OBSERVATORY, DENISON UNIVERSITY 


Communicated June 15, 1937 


Analyses of general star-counts are of value in detailed descriptions of 
extended regions of the Milky Way. The observations summarized below, 
covering the area between galactic longitudes 30° and 55°, and latitudes 
—10° and +15°, were made for the purpose of investigating the stellar 
space density function and the distribution of the dark nebulae. 

1. The observations depend chiefly upon plates taken with a 4-inch Ross 
camera at the Oak Ridge Station of the Harvard College Observatory. 
Part of the plates are half-hour exposures showing stars to the fifteenth 
magnitude, and the remainder are short exposure polar-comparisons for 
photometric purposes. Supplementary information concerning stars be- 
tween the thirteenth and sixteenth magnitudes was obtained from the 
original negatives of Ross’s Atlas of the Milky Way.'! A number of Harvard 
patrol and polar comparison plates, taken with a 3-inch Ross camera, gave 
additional data on stars brighter than the thirteenth magnitude. 

2. The most exacting requirement involved a homogeneous magnitude 
system covering several hundred square degrees. The Mount Wilson 
catalog of photographic magnitudes in the Selected Areas? fills this need 
satisfactorily between the tenth and sixteenth magnitudes, but the number 
of brighter stars is small. For this reason, from three to five polar-com- 
parisons on each of the six Selected Areas were used in setting up sequences 
of stars between the eighth and twelfth magnitudes. In so far as these 
magnitudes overlap the bright end of the Mount Wilson sequences the 
agreement is satisfactory, indicating probable errors of scale and zero-point 
not greater than +01. Magnitudes were transferred to plates lacking 
Selected Areas by means of secondary sequences checked by star-counts. 

3. Counts of stars brighter than an arbitrary series of limiting magni- 
tudes were made with a low-power binocular microscope. The limits were 
fixed by a graded series of images so mounted that it could be superposed 
on any part of the plate to be counted. The image series was calibrated 
for each plate by means of the magnitude sequences. 

Overlapping plates of the three series (taken with 3, 4 and 5-inch Ross 
cameras) made possible detailed intercomparisons of the counts. In some 
instances all plates thus checked against one another were calibrated from 
the same sequences; in others, the calibrations were completely inde- 
pendent. In general, the scatter about the mean values is consistent with 
a probable error of the counts equivalent to +0”2, in good agreement 
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with the value predicted from the probable errors in the original magni- 
tudes, the counting process, calibration and the magnitude corrections 
depending on distance from center of plate. 

4. The program was planned for the purpose of studying the stellar 
density functions and the distance and total photographic absorption of 
the discrete dark nebulae in and near the northern end of the Great Rift. 
The analyses are thus divided into two steps: In the first, the density func- 
tions typical of the region must be deduced for several latitudes, requiring 
solutions of the fundamental equation: 


A(m) = w fe D(r)e(m + 5 — 5logr — A(r), Z)dr 
0 
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FIGURE 1 


Density functions in region of Cygnus Cloud. Ordinates are densities referred 
to density in vicinity of sun asunity. Abscissae are logarithms of distances from 
sun. (The logarithmic scale of distances enters more significantly into the analysis 
than the distance itself.) 


where A(m) is the observed number of stars between m — 1/2 and m + 1/2; 
D(r) is the stellar density at distance 7 in the given direction; ¢(M, Z) is 
the frequency function of absolute magnitude M at height Z above the 
galactic plane and A(r) is the total general interstellar absorption at dis- 
tance r in the given direction. 

If we assume that the density functions so found are representative of 
the regions obscured by dark clouds, the distances and total absorptions 
.of the nebulae may be found by trial and error solutions of Pannekoek’s 
equation :* 
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A'(m) =o f? D(r) o(m + 5 — 5 log r —A (r),Z) dr + 
0 


w fF DO) 6 (m +5 ~ 5 t0gr — A(r) — «, Z) dr 


where A’(m) is the observed number of stars in the obscured area, 7 is 
the distance of the nebula and e is its total absorption. 

In solving both equations, numerical methods‘ were employed to permit 
convenient handling of the several variables. The luminosity function used 
was that given by van Rhijn,® modified in accordance with some recent 
results by Oort® to include the dependence on Z. The general interstellar 
absorption was assumed to amount to 05/kpe within a layer 200 parsecs 
in thickness. 

5. In the derivation of typical density functions for this portion of the 
Milky Way, it was assumed that the bright ‘““Cygnus Cloud” (lying between 
longitudes 30° and 45°, latitudes 0° and + 10°) is affected only by the gen- 
eral interstellar absorption included in the analyses. Areas obviously 
affected by dark clouds were excluded. No bright nebulae except those 
near Gamma Cygni appear within the limits of the Cloud, although, at 
least in the P Cygni cluster, there is no lack of O and B type stars. 

Groups of small areas scattered over the Cloud in longitude, but falling 
within narrow latitude strips, were selected to give star-numbers typical 
of several latitudes. These counts furnish the data A(m) in the first equa- 
tion. The resulting density curves for five latitudes are given in figure 1. 

The characteristic feature of the density distribution in this region is 
the extension of approximately unit density to distances of 1000 parsecs 
in the galactic plane and to smaller distances in higher latitudes. A similar 
result is found from analysis of counts representative of longitude 40°, 
latitude 0°, published but not discussed by Balanovsky and Hase.’? Bok‘ has 
analyzed data from Selected Area 64 and obtains a like density function. 

The possible existence of a distinct star-cloud which might be identified 
with the “Cygnus Cloud” has been discussed by a number of investigators 
who have arrived at conflicting conclusions. From the present material it 
would appear that no such cloud is to be found within 2000 parsecs of the 
sun. Further counts of faint stars and objects of limited dispersion in 
absolute magnitude are needed before the question can be settled. 

6. Star-numbers representative of the Cygnus Cloud have been com- 
pared with counts in other areas of high surface brightness bordering the 
Rift. In general, the numbers in the latter show deficiencies of not more 
than 20 per cent compared with the Cloud data. The deficiencies may arise 
from lower space density, increased interstellar absorption, or both. A 
decision cannot be reached with the material available. 

7. Two small areas are of interest. Counts within the region of the 
P Cygni cluster of early-type stars show clearly the disturbing effect on gen- 











408 ASTRONOMY: F. D. MILLER Proc. N. A. S. 


eral counts of an abnormality in the luminosity function, in this instance 
the presence of the line of sight of an excess of O and B stars. In the second 
column of table 1 will be found the residuals between log N(m)* in the 


TABLE 1 
CYGNUS CL. minus CYGNUS CL. minus 
P CYGNI REGION STAR-RICH AREA 
MAGNITUDE A Loc N (m) A Loc N (m) 

ih ire Me Be +0.07 
9.0 —0.50 +0.01 
10.0 —0.29 —0.06 
11.0 —0.19 —0.07 
12.0 —0.14 0.00 
13.0 —0.08 0.00 
14.0 —0.03 +0.02 
15.0 —0.02 +0.06 
Ue nt ha wr Re +0.02 


Cygnus Cloud and log N(m) in the P Cygni region, in the sense Cygnus 
Cloud minus area. It is easy to visualize the serious errors which would 
result from analyzing these counts if the presence of the additional O and 
B stars were not known. 

A star-rich area lies 2°5 northeast of N. G. C. 7000 (North America 
Nebula). The star-numbers here are found to be nearly identical with 
those at the same latitude in the Cygnus Cloud. The third column of table 1 
gives the residuals Cygnus Cloud minus area. The density function 
derived from these counts is very similar to that for the Cloud; the possi- 
bility is therefore suggested that the density distribution may be sensibly 
uniform throughout the range of galactic longitude 30° to 55°. Discussion 
of counts in the star-poor regions between N. G. C. 7000 and the Cloud 
shows that the deficiency may be explained by the presence of dark nebulae. 

8. Star-numbers from nineteen areas scattered over the Rift and ad- 
joining ‘‘flares’’ were analyzed. In general, no difficulty was experienced 
in finding satisfactory solutions of Pannekoek’s equation. With some ex- 
ceptions the residuals are smaller than the probable errors of the observa- 
tions. The most pronounced deviations appear for stars of the eighth 
and ninth magnitudes. 

Table 2 summarizes the results, which have been divided into groups 
according to the approximate distances found for the nebulae in each 
region. The subdivision is only approximate; areas lying near the tabu- 
lated limits frequently yield intermediate values for the distances, since 
the material is not suitable for “resolving” clouds lying one behind the 
other. 

The complex character of the phenomenon known as the ‘‘Rift’’ is ap- 
parent from an examination of the table. The conspicuous clouds surround- 
ing N. G. C. 7000 are comparatively near, while at the opposite end of the 
region discussed we find the northernmost extensions of equally nearby 
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nebulae which continue the Rift into Ophiuchus and Scutum. Between 
longitudes 33° and 47°, and in the flares, the distances are greater than 
those found elsewhere. 

TABLE 2 


TOTAL PG. 
NEBULA ABSORPTION DISTANCE 


Pronounced nebulosity east, south and west of N. G. C. 7000 4”0 550 pe 
Absorption in N. G. C. 7000 1.5 1200 
Flare between N. G. C. 7000 and Cygnus Cloud 2.0 1300-2500 
Rift, longitudes 41° to 47° (very uniform area) 3.0 1200 
Rift, longitudes 33° to 41° 2.0 800-1600 
Flare extending into negative latitudes between longitudes 33° 


and 41° 2.5 1500 
Rift, longitudes 24° to 33° 2.0 to 3.0 600 


The distances tabulated are certainly correct in regard to order of mag- 
nitude. A certain amount of scatter is to be expected because of the large 
dispersion in the luminosity function and the probable existence of more 
than a single dark nebula in the line of sight in certain directions. The 
total absorptions are in the nature of lower limits, since fainter counts may 
reveal larger amounts. For this reason they are tabulated only to the 
nearest half-magnitude. 

The considerable distances of these clouds are worthy of note. Inonly 
one region is evidence found for absorption within 500 parsecs, and the 
amount indicated is only 0"4. The published distances of 200 to 400 
parsecs for dark clouds in this part of the Rift have been derived mostly 
from inadequate methods of analysis. 

9. Some general remarks may be made on the basis of the preceding 
results. It is apparent that the observed limits of the bright area known 
as the Cygnus Cloud are determined by the distribution of dark nebulae 
at distances not less than 500 parsecs. Analysis of counts in a small area 
near N. G. C. 7000 suggests that the space density function deduced for 
the Cygnus Cloud is characteristic of longitudes 30° to 55°. A preliminary 
examination of additional data shows clearly that the Cloud is bounded 
by other dark clouds at its low-longitude extremity. 

The dark nebulae in and associated with this end of the Rift appear to 
be distributed at random, contributing from two to four magnitudes ab- 
sorption within the first 1500 parsecs from the sun. 


* N(m) is the number of stars equal to or brighter than magnitude m. 

1 Ross and Calvert, Atlas of the Northern Milky Way, University of Chicago Press 
(1934). 

2 Seares, Kapteyn and van Rhijn, Papers of the Mt. Wilson Obs., IV (1930). 

3 Pannekoek, Proc. Kon. Ak. van Wet. te Amsterdam, 23, No. 5 (1920). 

4 Bok, Harvard Circular 371 (1931). 

5 van Rhijn, Groningen Publications, 38 (1925). 

® Oort, B. A. N. 290 (1936). 

7 Balanovsky and Hase, Bull. de l’Obs. Central a Poulkovo, XIV, 2 (1935). 
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SOME RESULTS IN THE ARITHMETIC THEORY OF ALGEBRAIC 
FUNCTIONS OF SEVERAL VARIABLES 


By Oscar ZARISKI 
DEPARTMENT OF MATHEMATICS, JOHNS HOPKINS UNIVERSITY 


Communicated June 12, 1937 


1. Introduction.—In this Note we give an outline of results arrived at in 
the course of an investigation dealing with the arithmetic theory of alge- 
braic functions of several variables. The full treatment will be given in a 
forthcoming paper. We are dealing exclusively with the theory of zero- 
dimensional ideals. These ideals represent ‘‘points,’’ or ‘‘places’’ in the 
natural and intuitive sense of the word.* We also point out that in the 
theory of these ideals we have, in a manner of speaking, the maximum 
deviation from the feature which dominates the Dedekind-Weber theory: 
the possibility of factoring ideals into power products of prime ideals.t 

2. Ramified Ideals.—Let = be a field of algebraic functions of r variables 
X1,X2,...,X,. We denote by o the ring of integral functions in 2 and by P= 
K [x, %2,...,%,] the ring of polynomials in x,...,x,. The field K of 
constants is assumed algebraically closed and of characteristic zero. 

The dimension of a prime ideal p in 0 is, by definition, the dimension 
(degree of transcendentality) of the quotient field of the ring of residual 
classes 0/p. Since K is algebraically closed, it follows that if, in particular, 
p is zero-dimensional, then w = c (mod p), c < K,foranywino. We shall 
say that w has the value c, w = c, at the “place” ». Zero-dimensional prime 
ideals in o are divisorless and are characterized by this property. If then 
qiq2 are primary ideals belonging to two distinct prime ideals, they are 
relatively prime and therefore their intersection [q,q2] coincides with the 
product qide. 

Let ¥ = (x)-a1, X2-de, ... , X,-a,) be a prime zero-dimensional ideal in 
P. The ideal X, considered as an ideal in 9 (with the same basis elements 
XQ, decomposes into primary components: 


X= [q1, dap. +++ Qe] = Gide... Qe, (1) 
belonging to distinct prime zero-dimensional ideals, p,, pe, ...,),- The 
ideals p;,7 = 1, 2,...0, are the only places at which x, = a, %2. = d2,..., 


x, =a,. Let p; be the exponent of q;, i.e., the smallest integer such that 
p;°i =0(q;). X isa ramified ideal, if some p; is > 1, i.e., if some q; is differ- 
ent from pj. 

We consider any function w in 9 and we form the polynomial F(x,, t) = 
N(t — w). It is not difficult to prove the following: Every solution x, = 
a., @ = c of the equation F(x,; w) = 0 consists of values which the functions 
Xi, -.-, X;, w assume at some place. Let then w = c;(p;), so that c; is a 
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root of the equation F(a,, ¢) = 0. If p; is the exponent of 4;, then c; is a 
root of F(a; t), of multiplicity s,2p;. From this follows the corollary: 
If ¥ is a ramified ideal, then, no matter what function w we consider in 0 
the polynomial in t, N(t — w), has a multiple root when the x,’s are replaced 
by the a,’s. 

On the other hand, let ¥ be non-ramified. Then it can be proved that 
o = n, and that X factors into exactly n distinct prime factors: 


X = Pipe... Dns 
where m is the degree of = with respect to K(x,). We can find a function 
w which assumes n distinct values ¢), ¢2,..., C, at the places p;, pe,... , 


p,. The corresponding polynomial F(a,, ¢) has then m distinct roots ¢;, 
hence all simple. 

Hence % is ramified it and only if the discriminant of the polynomial 
N(t —w) vanishes at x, = d,, w being amy function in 9. We conclude 
with the 

THEOREM. Let w; = 1, w. = w,...,0, = w" ‘and let E be the ideal in P 
generated by the determinants | S(wjw;) | of the traces, as w varies ino. A prime 
ideal ¥ in P is ramified, if and only if T = 0 (%). 

Remark. The inequality s; 2 p; is only a rough estimate, and examples 
can be given in which s; > p,. One may look for a relation between s; 
and the length \; of the primary component q;. But also here we cannot 
expect to have always s; = \;, because s; + so +...+5, = nm, and; + 
leo +... +A, is the length of the ideal X, i.e., the rank of 0/¥, and this 
rank is not always equal to n.{ 

3. Relative and Absolute Ramified Ideals.—If p; >'1, we say that p; is 
relative ramified (relative to the independent variables x;.) 

For relative unramified ideals the following can be proved: Jf p is un- 
ramified with respect to the variables x,, and if x, = a,(p), then given any 
element w in 0, there exists, for any positive integer m, a congruence of the form 


® = Ym-1 (x11, 9.0 9 %,-0,) (p”), (2) 


where pm —, 1s a polynomial of degree m — 1 in x;-a,... ,X,-a,; this poly- 
nomial is uniquely determined. 

It is clear that for a given w, Om = Gm —1 + Ym, where y,, is homogene- 
ous of degree m in x;-a;,..., X,-d,. We have then, from (2), a formal 
power series for any function w at the place p. 

We now give the characterization of relative ramified ideals. 


THEOREM. Let 3, be the ideal generated by all the derivatives < as w varies 


ino. If p is relative ramified, then 3, = 0 (p), and conversely. 
In the proof of this theorem it was necessary to consider the Galois 
extension of 2 and some properties of the Galois group, locally at the 
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place p. The above theorem is equivalent to the following statement: p 
is relative ramified, if the value c which a function in 0 assumes at » is always 
a multiple root of the polynomial F(a,; t) [= N(t — w)z, = a,]- 

Dealing with relative ramified ideals, we encounter in the case r > la 
new fact. Suppose that we pass from the variables x, ... , x, to new in- 
dependent variables 4, ..., y,, such that the ring of integral functions 
remains the same. An ideal ramified with respect to the x’s may very well 
be unramified with respect to the y's. However, if r > 1, there may extsl 
ideals » which remain relative ramified for any choice of the independent 
variables. We call such ideals absolutely ramified. 

Let 3 be the h.c.d. of all the ideals 3,, as the independent variables are 
altered. Obviously, p is an absolutely ramified ideal if and only if 3 = 0(p). 
Concerning 3, we prove that it is an ideal of dimension at mostr — 2. Thus 
the locus of absolutely ramified places is at most of dimension two less 
than the dimension of the field. These places play the same réle as the 
isolated singularities of an algebraic variety. 

The absolutely ramified ideals admit the following intrinsic characteri- 
zation: 

An ‘deal » 1s absolutely ramified if and only if the ring of residual classes 
p/p? ts of rank > r. 

4. The Normal Variety for the Ring o.—We choose a set of elements 
Yi, Yo,» ++» Ym in oO Such that every other element in p can be expressed as 
a polynomial in 9), yo, ..., Ym. We can take, for instance, for such a set 
the independent variables x, together with the elements of an integral 
base of o over the ring of polynomials K[x,]. The functions y, define 
in the affine S,,(y1, yo, .-., Ym) an algebraic r-dimensional variety V,. 
The following properties of V, can be established: 

(1) There isa (1, 1) correspondence between the places p in 9 and the 
points of V,; 

(2) The singular points of V, are those and only those which correspond 
to the absolutely ramified places of 9; as a consequence, the locus of 
singularities of V, is at most of dimension r — 2;** 


(3) If m is sufficiently high, the rank of the ring p/p” is equal to so 3) 


+s (7) + Se, where So, 51, Sgareintegers. The point of V, which corresponds 


to p is So-fold for V,. 

We call V, the normal variety for the ring 0, since V, obviously depends 
on 0 itself and not on the choice of the independent variables. Two nor- 
mal varieties for the ring 0 are, by (2), in birational correspondence, free 
from fundamental points (at finite distance) on either variety. 

5. Properties of the Conductor—The importance of the notion of the 
conductor, both in question of ramification and of singularities, is well 
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known from the arithmetic theory of functions of one variable. Some 
interesting applications of the conductor in the theory of functions of sev- 
eral variables have been given by Schmeidler. I shall now give some 
properties of the conductor in relation to zero-dimensional ideals. 

Let S be the ring of polynomials in x,, ... ,x, and in some primitive 
element w in 0. The conductor shall be denoted by %,. It is known 
(Schmeidler*) that %,, is an unmixed ideal of dimension r — 1. Two ques- 
tions can be formulated: (1) characterize the zero-dimensional ideals X 
in P which are divisors of the norm N(Q%,,); (2) characterize the zero- 
dimensional ideals p in 9 which are divisors of %{,. The answers are given 
by the following theorems: 

(1) N (2,,) 4 0 (&), af and only if every element £ in 0 satisfies a congruence 
of the form: 


é= Co + Cw a eee + &—«" “OD, Ci < KB, 


i.e., if 1, w,...,@” ' isa linear base of the ring 0/¥. Hence the rank of 
o/X is then exactly n. Another question is this: How can one characterize 
from the point of view of the ideal theory in 0 those ideals ¥ in P for which 
the rank of 0/¥ is = n? 

(2) WM, # O(p), if and only if p = (X, w — c), where X = (x;-a,... ,x,- 
Ay), Xq = Aq (p), w= Cp). 

This last theorem implies that if 2, # O(p), then p possesses a base of 
at most r + 1 elements x;-d, ... ,x,-d,,  — c, and from this follows easily : 
Rank of p/p? S r + 1. It is possible to prove also the converse, namely: 
If p/p? as of rank S r + 1, then for a proper choice of the independent vari- 
ables x; and of the primitive element w, we will have A, # O(p). 

If then T denotes the h.c.d. of all the conductors of rings of polynomials of 
r + 1 elements of 0, then the zero-dimensional prime divisors of T are those 
and only those ideals » for which the rank of p/p? is > r + 1. 


* For the various definitions of an abstract point of a field of algebraic functions see 
van der Waerden,’ Jung,! Schmeidler*> (point = divisor of the first kind) and Ostrowski’ 
(point = an arbitrary valuation of the field). 

t On the other extreme are the ideals of maximum dimension r — 1 (y—the number 
of independent variables). It is well known that for these ideals the factorization 
property can be restored by using the notion of “quasigleichheit,” due to van der 
Waerden.® 

ft It has been pointed out to me by Ore that the multiplicities s; are the degrees of 
the irreducible factors of F(x,; t) (mod ¥”"), when m is sufficiently high. That this 
factorization (mod ¥”) is unique (mod ¥"~*), 5—independent of m, can be easily 
proved for fields of algebraic numbers and also for fields of functions of one variable 
(see Ore?). For r > 1 the proof is somewhat different. 

** In particular, if r = 1, Vi is a curve free from singularities (in the affine space S,,). 
In view of the existence of an integral independent base, we have in this case m = n + 1, 
where n is the degree of = with respect to K(x).. We obtain in exactly the same manner 
a curve free from singularities in a projective space, if we use two homogeneous vari- 
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ables x;, x. and consider homogeneous ideals in 9. For properties of such ideals, 
see A. Weil.’ 


1 Jung, H., Algebraische Fldchen, Hannover (1925). 

2 Ore, O., ‘Uber den Zusammenhang zwischen den definierenden Gleichungen und 
der Idealtheorie in algebraischen K6rpern.”’ I, Math. Ann., 96, 313-352 (1926). 

3 Ostrowski, A., ‘‘Untersuchungen zur arithmetischen Theorie der Kérper,’’ Math. 
Zett., 39, 392-404 (1934). 

4 Schmeidler, W., ‘‘Grundlagen einer Theorie der algebraischen Funktionen mehrerer 
Veranderlicher,’’ Math. Zeit., 28, 116-141 (1928). 

5 Schmeidler, W., “‘Uber Verzweigungspunkte bei Kérpern von algebraischen Funk- 
tionen mehrerer Veranderlicher,’’ Jour. reine angew. Math., 167, 251 (1931). 

6 van der Waerden, B. L., ‘“‘Zur Productzerlegung der Ideale in ganz abgeschlossenen 
Ringen,” Math. Ann., 101, 293-308 (1929). 

7 van der Waerden, B. L., “Zur Idealtheorie der ganz abgeschlossenen Ringe,” Math. 
Ann., 101, 309-311 (1929). 

8 Weil, A., “Arithmétique et géometrie sur les varietés algébriques,”’ Actualités 
scientifiques et industrielles, n. 206. 


BINARY QUADRATIC DISCRIMINANTS WITH A SINGLE CLASS 
OF REDUCED FORMS IN EACH GENUS 


By NEwMAN A. HALL 


DEPARTMENT OF MATHEMATICS, CALIFORNIA INSTITUTE OF TECHNOLOGY 


Communicated June 14, 1937 


As a supplement to previous work of Heilbronn,'! Chowla? has shown re- 
cently that the number of discriminants for which there is a specified 
number of classes of reduced binary quadratic forms in each genus is finite. 
His proof, however, is non-constructive, and there still remains unanswered 
the question whether the known lists of discriminants are complete. 

In his treatment of the number of representations function, Dickson’ 
gives tests for odd discriminant that there be a single class in each genus 
and lists all such discriminants up to 23,000. Inthe same connection we 
obtain tests similar to Dickson’s for even discriminant and prove the follow- 
ing theorems. 

THEOREM 1. For discriminants satisfying the following congruences there 
1s more than a single class of forms in each genus. 


A= 7 (mod 16), A # 7; 
A = 15 (mod 16), A # 15; 
A = 12 (mod 16), A # 12, 28, 60; 


A= 0 (mod 16), 
A 10n-or Gin, 2 = 1, 3, 7,15, 
A # 32 (mod 64). 
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THEOREM 2. If the discriminant contains as a factor the square of any odd 
prime, there is more than a single class of forms in each genus except for the 
ten known cases 

A = 36, 72, 100, 180, 288; 
A= 27, 75, 99, 147, 315. 


The latter theorem is particularly significant in that it is all-inclusive, 
whereas all previous specific information has been for discriminants less 
than a certain large number. 

Details and proofs will be published later. 


1H. Heilbronn, Quart. Jour., 5, 150 (1934). 
2S. Chowla, Ibid., 5, 304 (1934). 
* L. E. Dickson, Introduction to the Theory of Numbers, Chap. V (1929). 


THE CANCELLATION, REINFORCEMENT AND 
MEASUREMENT OF SUBJECTIVE TONES 


By Don LEwis AND M. J. LARSEN 


STATE UNIVERSITY OF IowA 


Communicated June 11, 1937 


As will be shown, a subjective tone that is specifically audible may be 
either increased or decreased in loudness by the introduction of a harmonic 
whose pitch is the same as that of the subjective tone.!_ The phenomenon 
is undoubtedly due to interference inasmuch as both the amount and direc- 
tion of loudness change vary with the phase of the introduced harmonic. 
One phase position can be found where a maximal increase in loudness will 
occur. Another phase position, always approximately 180° from the 
former one, will yield maximal decrease; and in this latter position, as 
well as in those closely adjacent to it, the subjective tone can be com- 
pletely obliterated. If it be assumed, as seems reasonable, that reinforce- 
ment is due to constructive interference and cancellation to destructive 
interference, then a method is available not only for determining the ap- 
parent phase of the subjective tone but also for measuring its approximate 
magnitude. Its magnitude must be expressed, of course, in terms of an 
equivalent amount of sound pressure. 

In the production of complex sounds for the study of subjective tones, 
use is made of an electrostatic generator, described in detail elsewhere.” 
This instrument produces sounds constituted of desired combinations of 
any or all of 16 consecutive harmonics, the frequencies, intensities and 
phases of which are subject to control. Each harmonic is reasonably free 
from stray components. 
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The psychophysical method of constant stimuli is ordinarily employed. 
A single stimulus tone, on which judgment is made, has a duration of about 
4seconds. It has two parts: a standard portion and a variable portion, each 
about 2 seconds in duration. The standard portion is a specified complex 
sound of predetermined structure; the variable portion is always the 
standard portion plus one additional harmonic whose intensity and phase 
may be altered independently. The variable portion occurs at random, 
sometimes before, sometimes after the standard portion. An observer 
judges whether the variable portion occurs as the first or second half of 
the stimulus tone. The generator circuit is arranged to avoid undesirable 
transients. 

A single typical experiment will now be described, and the resulting data 
summarized. Two simple frequencies, one of 390 and the other of 520 
cycles per second, were combined for monaural presentation. Each had 
an intensity level of 70 db, and each a phase angle of 0°. These two fre- 
quencies, conveniently regarded as the 3rd and 4th harmonics of a Fourier 
series, gave rise to an experience of a complex tone in which, among other 
things, a subjective tone with a pitch corresponding to 130 cycles was 
specifically audible. This subjective tone, which offered the point of de- 
parture in the investigation, may be called either the subjective funda- 
mental or the first difference tone. 

The first step in the experiment was that of measuring the masked 
absolute threshold of the 1st harmonic (130 cycles) as a function of its phase. 
The procedure was as follows: The standard portion of the stimulus tone 
was composed of the 3rd and 4th harmonics, with intensity and phase as 
indicated above. The variable portion was composed of these same two 
harmonics in addition to some specified amount of the lst harmonic at a 
given phase position. Measurement was made of the intensity level of the 
lst harmonic at which the fundamental component was heard as just per- 
ceptibly louder in the variable portion than in the standard portion. This 
intensity level value, called the masked absolute threshold of the Ist 
harmonic, was found to vary with phase, as figure 1 shows. 

This figure presents data for two observers, A and B. Masked absolute 
threshold, in terms of intensity level, is plotted against phase angle in 
degrees. The broken horizontal line in each graph indicates, for the corre- 
sponding observer, the location of the threshold of audibility for the 1st 
harmonic. Sensation level (db + threshold of audibility) is indicated 
along the ordinates at the right. Smooth curves have been drawn through 
the experimental points, each of which is based upon at least 300 observa- 
tions. 

Consider the curve for observer B. It will be seen that the lst harmonic, 
when its phase angle was 0°, had to have an intensity level of about 21 db 
in order for the fundamental component of the variable portion of the 
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stimulus tone to be heard by B as just perceptibly louder than the funda- 
mental component of the standard portion. In the standard portion, of 
course, the fundamental component was the unmodified subjective tone. 
At about 140°, the curve is at its highest point, the threshold value being 


40 
35 is 


i LoS 
1S aE 2 a 
ss 5 





+10 

















+20 





915 





SENSATION LEVEL 








MASKED ABSOLUTE THRESHOLD [DB ABOVE 10°'6 wart] 








+=10 
60 120 180 240 300 360 
PHASE ANGLE IN DEGREES 


FIGURE 1 





























about 46 db. Of particular interest is the threshold value at approximately 
320°. Here it is only 15 db—at least 10 db below the threshold of audi- 
bility. There is a difference of about 31 db between the highest and lowest 
threshold values. The corresponding pressures for these two extremes are 
.0416 and .0011 bar (dyne/cm.’). 
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The curve for observer A needs no interpretation. However, two facts 
with regard to it should be emphasized. In the first place, the phase angles 
at which maximal and minimal threshold values fall are markedly differ- 
ent from corresponding angles for observer B. In the second place, the 
difference between the extremes is only a little over half that for observer 
B, being about 17 db. The pressures corresponding to the extremes for A 
are .0159 and .0022 bar. 

It seems reasonable to believe, in view of the data presented in figure 1, 
that there was interference between the subjective tone and the Ist har- 
monic. Destructive interference undoubtedly occurred maximally at 20° 
for observer A and at 140° for B, and constructive interference at 200° 
and 320°, respectively. It may be concluded, therefore, that the apparent 
phase of the subjective tone was 200° for A and 320° for B. The concept 
of interference becomes particularly tenable when emphasis is placed upon 
the fact that the lowest masked absolute threshold values were several db 
below the threshold of audibility for the 1st harmonic. 

The concept of destructive interference is further substantiated by the 
results of a second and crucial part of the experiment. It was felt that if 
destructive interference were actually operative, then the subjective tone 
could be not only reduced in loudness but completely obliterated as well. 
To test this hypothesis, the 1st harmonic was set at a phase angle of 20° for 
observer A and at 140° for B. It was then given different intensity values, 
and the observers were asked to judge whether the fundamental compo- 
nent was louder in the first or second half of the stimulus tone. If a judg- 
ment agreed with the stimulus (that is, if the variable portion of the stimu- 
lus tone was heard as having the louder fundamental), the judgment was 
regarded as correct and scored on that basis. 

Data for the two observers are presented in figure 2, in which percen- 
tage of correct judgments is plotted against the intensity level of the 1st 
harmonic. Consider the curve for observer B. With intensity levels below 
about 15 db, the fundamental component was heard as equally loud in the 
two portions of the stimulus tone, and 50% of the judgments were correct 
by chance. At slightly higher intensity levels, a difference became detect- 
able; and at about 26 db, the curve is at 0%. The data show that when 
the Ist harmonic had any intensity level between 26 and 41 db, observer 
B always heard the unmodified subjective fundamental as louder than the 
fundamental resulting from the combination of subjective and objective 
elements. This observer, for whom the unmodified subjective fundamental 
was quite distinct, reported that over a large part of this intensity level 
range (26 to 41 db) he could detect no trace of the fundamental component 
in the variable portion of the stimulus tone. It was his opinion that the 
subjective tone had been completely obliterated—an opinion supported 
by the experimental data. The presumption must be that the subjective 
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tone, as a result of destructive interference, was reduced to magnitudes 
below the threshold of audibility.... The upper end of this ‘‘reversal’’ 
curve is equally interesting. At about 41 db, the curve begins to rise; and 
it rises rapidly with further increase in intensity level. It very soon reaches 
100%, where it remains. * At these intensity levels (above about 47 db) 
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FIGURE 2 





B’s judgments were always correct; that is, the half of the stimulus tone 
containing the lst harmonic was always judged as having the louder fun- 
damental. What happened, apparently, was that the lst harmonic, after 
having interfered destructively with the subjective tone, still had sufficient 
magnitude to be heard as louder than the unmodified subjective tone in 
the standard portion of the stimulus. 
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The form of the curve for observer A can be readily explained. For this 
observer, the subjective tone was relatively indistinct; he often reported 
difficulty hearing it at all. For him, then, the difference between hearing 
the subjective tone and not hearing it (as a result of interference) was not 
a clear-cut experience—a fact borne out by the experimental results. 
Even though many tests were given, there was seldom a complete reversal 
in judgments. The broken curve has been drawn in to show what might be 
regarded as a possible description of psychophysical conditions. 

Thus far, the fact of interference between the subjective tone and the Ist 
harmonic has been reasonably well established, and the apparent phase 
of the subjective tone has been revealed. The problem of measuring the 
tone’s magnitude remains to be discussed. One method‘ of measurement 
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is made clear by reference to figure 3. Consider condition [1]. Both halves 
of the stimulus tone are represented, the standard portion to the left and 
the variable portion to the right of the broken vertical line. Let S represent 
the subjective tone and be the equivalent of an unknown amount of sound 
pressure, and let V, be a measurable amount (pressure) of the lst harmonic. 
As the arrows show, S and V, have the same phase. In the variable por- 
tion of the stimulus tone, S and V; combine to give rise to the resultant 
R,. If V; is the masked absolute threshold of the 1st harmonic (for the 
“in-phase” position), R, will be heard as just perceptibly louder than S. 
Clearly, 


In condition [2], V2 is shown as opposite in phase to S. It is also opposite 
in phase to V;. V2 and S, in combination, give rise to Ra; and when V2 
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is the threshold pressure, R2 will be heard as just perceptibly louder than 
S. It is seen that 
R, = Vo a S: (2 


Obviously, the value of S is desired. It goes without saying that V, and 
V2 are the only directly measurable quantities used in the above equations. 
However, for threshold conditions, R,; and R, are just perceptibly louder 
than S and are probably equal in magnitude even though opposite in phase. 
If they are assumed to be equal, with phase justifiably disregarded, then 
from equations (1) and (2) it follows that 


S+V=h-S 


Ve — Vi 
3 : 








S= (3) 


The development of equation (3) is based, of course, on the assumption 
that S, V; and V2 are vector quantities and summate accordingly. This 
assumption, although seemingly tenable, is now being investigated further. 

The application of equation (3) to data presented in figure 1 yields values 
of S as follows: for observer A, .0068 bar; for B, .0202 bar. These pres- 
sures correspond to intensity levels of 30.6 db and 40.1 db, respectively. 
There can be little doubt that these magnitudes are approximately correct. 

It should be stated, finally, that the experiment here reported is only 
one of several similar experiments that have been conducted. All of the 
results support the conclusion that subjective tones have representation 
in terms of actual vibrations in the cochlea. These vibrations naturally 
have frequency, magnitude and phase; and in all probability they are 
generated in the ear, as explained by the non-linear theory of their origin.® 


1 Presumably, all subjective tones, whether specifically audible or not, may be simi- 
larly modified in strength. The evidence in support of this more general viewpoint, 
although indirect, is quite convincing. 

2E. B. Kurtz and M. J. Larsen, ‘‘An Electrostatic Audio Generator,” Electrical 
Engineering, September, 1935. 

3 Don Lewis and M. J. Larsen, ‘‘The Measurement of Timbre,” Jour. Acous. Soc. 
Amer., 8, 207 (Abstract) (1937). 

4 Another method, based on the “reversal” curves of figure 2, will not be described 
here because of space limitations. The two methods yield essentially the same results. 

5 The non-linear theory, as now formulated, has to do primarily with general aspects 
of the generation of ‘‘subjective’’ vibrations; it does not deal specifically with magnitude 
and phase. Consequently, there is as yet no theory to account for differences in the 
magnitude and phase of the subjective tone, as measured for observers A and B. 

For discussions of theory, see R. L. Wegel and C. E. Lane, ‘‘The Auditory Masking 
of One Pure Tone by Another, etc.,’’ Phys. Rev., 23, 266-285 (1924); Harvey Fletcher, 
Speech and Hearing, Van Nostrand, New York, 1929, Appendix C; and G. W. Stewart 
and R. B. Lindsay, Acoustics, Van Nostrand, New York, 1930, Appendix VI. 











